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H I G H L I G H T S
 We conducted convergence analyses of ﬁnite element models of a mongoose skull.
 Results show that higher resolution models did not provide more stable outputs.
 Convergence patterns varied by model resolution but also bite position simulated.
 We used a jackknife approach to analyze robustness of outputs in sub-datasets.
 The best sub-dataset sampled several low-resolution models per specimen.
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a b s t r a c t
Predictions of skull biomechanical capability based on virtual models constitute a valuable data source
for testing hypotheses about craniodental form and feeding behavior. Such comparative analyses also
inform dietary reconstruction in extinct species. 3D modeling using Finite Element (FE) methods is a
common technique applied to the comparative analysis of craniodental function in extinct and extant
vertebrates. However, taxonomically diverse skull models in the literature often are not directly
comparable to each other, in part because of distinctions in how boundary conditions are deﬁned, but
also because of substantial differences in the number of FEs composing the models. In this study, we test
whether a conventional convergence test is adequate in identifying the minimum number of FEs needed
to achieve internally stable results for a single species. We constructed a series of skull models of
Herpestes javanicus, and simulated unilateral biting across the dentition; the models differed in the
number of FEs, degrees of freedom at the joint and bite point constraints, and type of tetrahedral FEs
used. We found that convergence patterns differed across constraint types, FE quantities, and bite
position simulated. Four-noded tetrahedral (tet-4) FE models with relaxed constraints produced the
most stable measurements compared to over-constrained tet-4 models and to relaxed tet-10 models.
In absence of an optimal FE quantity from convergence testing, we propose a broadly applicable sub-
sampling protocol, whereby average measurement values across multiple models per specimen are used
for among-species comparisons. A regime of sampling three low FE quantity models produced the
closest estimates of mean measurement values relative to larger model sets, being within the 95%
bootstrap estimated conﬁdence intervals. Future studies should focus on identifying sources of variation
associated with other FE modeling protocols, so that they can be accounted for before biomechanical
attributes from these simulations are used to infer form–function linkage.
& 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-SA
license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
1. Introduction
Finite element (FE) analysis was originally developed as an
engineering method to solve real-world, complex problems involving
continuous structures, using virtual, simpliﬁed, discrete representa-
tions of those structures (Clough, 1960). With advances in personal
computing power and continued decreases in the cost of both
hardware and software equipments required to conduct FE analyses,
this technique has been more frequently applied in the biological
sciences (Rayﬁeld, 2007; Ross, 2005). For biologists, FE analyses are a
way to predict and test functional implications of variations in
structure and material properties of organisms, often beyond the
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limitations of and complementary to in vivo and ex vivo studies.
Building accurate FE models of biologically complex structures
that closely reﬂect reality is a challenging task because the FEs used
to portray morphology are relatively simple building blocks
(e.g. triangles, tetrahedrals etc.), sensitivity analyses of which con-
stitute a research focus parallel to (but perhaps converging on)
using FE techniques for comparative functional inferences (Bright
and Rayﬁeld, 2011a, 2011b). Sensitivity, veriﬁcation, and validation
analyses are the most common methods for FE model improvement.
Sensitivity analyses explore the effect of changes in model input
parameters on the resulting values being used for interpretation of
functional differences between modeled species (Bourke et al., 2008;
Bright and Rayﬁeld, 2011a; Tseng et al., 2011b). Veriﬁcation analyses
ensure that the results obtained are based on reasonable assump-
tions derived from real-world data (Bright and Rayﬁeld, 2011b;
Dumont et al., 2009; Rayﬁeld, 2007). Validation analyses test the
validity of input model parameter magnitudes against the response
of actual specimens to the loads being simulated in the models
(Bright and Rayﬁeld, 2011a; Ross et al., 2010). There is increasing
consensus among comparative biology workers using FE methods
that at least some of these analyses should be included as an integral
part of the initial study design, in order to make more robust
inferences, or conclusions based on data and comparisons that are
relatively insensitive to perturbations or within a predeﬁned range of
uncertainty, in parameters or results that arise as errors or incon-
sistencies speciﬁc to a particular model during the simulation study.
These robust measures of differences and similarities between
models then can be correlated to adaptive or functional mechanisms
(or lack thereof) that acted on organismal form over evolutionary
time scales (Bright and Rayﬁeld, 2011a, 2011b; Davis et al., 2010;
Tseng et al., 2011b).
Finite element analysis also has been applied to the study of
extinct species, with applications most frequently to vertebrate
skulls (e.g., McHenry et al., 2007; Rayﬁeld, 2004, 2005; Slater and
Van Valkenburgh, 2009; Slater et al., 2009, 2010; Tseng, 2009;
Tseng and Wang, 2010; Wroe, 2008; Wroe et al., 2007). In most
studies of extinct forms, diagenesis during the fossilization process
alters the composition as well as the distribution of material
densities in the specimens of interest; therefore direct validation
studies typically cannot be conducted on the original specimens
themselves (Olesiak et al., 2010; Trueman et al., 2004). Sensitivity
analyses, on the other hand, are entirely within the range of
analyses possible when studying fossil species, and as mentioned
above, have been argued to constitute an integral part of any
comparative FE analysis study (Tseng et al., 2011b). One type of
sensitivity analysis, convergence testing, assesses whether models
in an analysis are built with sufﬁcient resolution (in the quantity)
of 3-D FEs to produce stable and robust results for a given
specimen or species model. As integrative studies of most clades
require analyses of both living and fossil taxa, this last type of
analysis forms the focus of the current study.
The impetus for a convergence analysis of models of the skull of
a small carnivoran, the mongoose Herpestes javanicus, arose from a
broader study of the evolution of feeding morphologies in the
Carnivoramorpha, the group that includes the families of the
crown-clade Carnivora living today plus their stem relatives
(Flynn et al., 2010; Spaulding and Flynn, 2012). Early carnivor-
amorphans were often small-bodied species that have been
compared to living civets and mongooses (Friscia et al., 2007).
Given the focus of current literature on FE analyses of large, extant
carnivorans, we instead elected to use Herpestes as a study system,
to generate model protocols that can be applied to a wide range of
smaller bodied fossil species within the same clade. Because the
main goal of this study was to evaluate convergence of model
results based on a current FE analysis protocol common in the
literature, we adopted an existing protocol used by researchers on
a range of carnivoran and other extant and extinct mammal
species, that uses homogeneous models and muscle forces evenly
distributed over the areas of attachment (Dumont et al., 2005,
2009; Slater et al., 2010; Tseng, 2009; Tseng and Stynder, 2011).
The main questions addressed in this study are: (1) given the
range of ﬁnite element quantities used in the current literature of
comparative FE analyses of skull biomechanics (Fig. 1), do higher
resolution models converge on stable values of bite force, skull
strain energy, principal stresses, and displacement, as expected
from principles behind generalized convergence tests? (2) If not,
how much variation in those results can one expect, and how
many models need to be built to provide a good estimate of that
variation? (3) Given variations in FE data, how large do differences
in modeled biomechanical values have to be between species
models in order to constitute a “signiﬁcant” difference?
2. Methods and materials
A skull of Herpestes javanicus (AMNH Mammalogy 101655) was
scanned using a GE v|tome|x high resolution x-ray computer
tomography scanner in the AMNH Microscopy and Imaging Facility
(MIF), at a voltage of 160 kV, voxel size of 0.062 mm, resulting in
1570 raw images. The images were reconstructed into a volume ﬁle
in GE Phoenix Datos (GE Measurement and Control, USA), and an
image stack was created in VG Studio Max 2.1 (Volume Graphics
GmbH, Germany). Because high resolution scan data are often
collected in parts in the MIF protocol, the ﬁnal image stack was
created by stitching all parts together in ImageJ (Rasband, 1997–
2013), yielding a composite stack of 1200 transverse slices in TIFF
format covering the entire skull of this specimen.
The image stack then was imported into and segmented in
Mimics 13 (Materialise, Belgium). Prior to any segmentation proce-
dures, images were “resliced” so that the three orthogonal axes of
the 3D space are aligned with speciﬁed axes of the skull (i.e., the
occlusal/coronal plane of the specimen perpendicular to the trans-
verse plane of the global axis system). The cranium and mandible
were then reconstructed separately into 3D surface meshes using
triangular elements in Mimics. The cranium mesh was then cleaned
and smoothed in the 3-matic Remesh module (Materialise, Belgium)
and Geomagic Studio 12 (Geomagic Inc., USA).
2.1. Variation in FE quantity
To generate a series of models with solid meshes having
different FE quantities to use in the convergence test, we sequen-
tially lowered the maximum edge length of the triangular plate
elements composing seven different surface models. Based on the
FE quantity range of previously published skull models (e.g., Cox
et al., 2011; Dumont et al., 2011; Fitton et al., 2012; Slater et al., 2010;
Fig. 1. Histogram of FE quantities in published (non-medical) skull models of
vertebrates. Data come from a partial sample of 134 FE skull models published
between 2001 and July 2014. In cases where cranium and mandible model FE
quantities are reported separately, those models are tallied as distinct entries. Gray
box shows the range of FE quantity tested in the current study. References for the
input data are listed in Appendix A.
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Wroe et al., 2010; Young et al., 2012) (Fig. 1), we varied the
maximum edge lengths from 0.8 to 0.4 mm, which created six
solid mesh models with 475,000 to 1,300,000 tetrahedral (or
brick) elements (Fig. 2). This range of FE quantity covered the peak
distribution of currently published FE models (Fig. 1, Appendix A).
Lower-quantity models were visually blocky and begin to lose (not
capture) the smooth surface morphology represented in the skull.
On the higher-quantity end, we generated a seventh model with
approximately 3,800,000 tetrahedral elements, representing the
highest quantity FE model published (built and analyzed using a
Windows PC Workstation with quad-core processors and 96 GB of
RAM). This range of element numbers have already been shown to
exhibit complex convergence patterns in different regions of pig
skull models (Bright and Rayﬁeld, 2011b), and our new analyses
test both different species and modeling protocol, but also com-
plement previous analyses by testing across the entire cheek
dentition. All FE analyses and different solid mesh models were
generated in Strand7 FEA software version 2.3.7 or 2.4.6 (Strand7
Pty Ltd, Australia).
2.2. Variation in model constraints and element type
Three datasets were analyzed across the FE quantity range
outlined above, using different model constraints and element
types. All models were restrained from free-body movement by
single nodal constraints at the tip of the tallest cusp of each canine
and cheek tooth in separate analyses, simulating unilateral biting
at each of those tooth positions. In addition, a single nodal
constraint was applied to each of the temporal mandibular joints
(TMJ). The ﬁrst dataset ﬁxed the bite position constraint and both
TMJ constraints from all movements, effectively over-constraining
the model (Dumont et al., 2011); ﬁrst-order, 4-noded tetrahedral
elements were used (hereon called “ﬁxed-constraint tet-4 mod-
els”). The second dataset differed only in the degrees of freedom of
nodal constraints. The bite position nodes were constrained to
prevent only translation movement perpendicular to the long axis
of the tooth (no movement in the coronal/horizontal plane of the
jaw was allowed), and the TMJ constraints allow translation in the
long axis of the TMJ on one side of the joint to permit bending
along the TMJ axis (movement of the joints toward each other was
allowed) (Dumont et al., 2011). First-order tetrahedral elements
also were used in the second dataset (hereon called “relaxed-
constraint tet-4 models”). The third and last dataset retained the
relaxed constraint protocol of the second dataset, but using
second-order 10-noded tetrahedral instead of tet-4 (hereon called
“relaxed-constraint tet-10 models”). Comparison of the ﬁrst two
datasets tested the effects of over-constraint on output values, and
comparison of the second and third datasets tested the effects of
higher-order FEs (and therefore higher degrees of freedom) on
output values (Table 1).
Muscle attachment areas for all models were identical, and
represented the surface regions of the temporalis, masseter, and
pterygoid muscle groups, with distributions based on comparative
anatomy among carnivores (Davis, 1955; Schumacher, 1961; Turnbull,
1970). The relative contributions of the temporalis and masseter
muscle groups were measured using the dry skull method estimation
of muscle cross section area (Ellis et al., 2008; Thomason, 1991), and
because pterygoid muscles are not delineated clearly by boundaries or
features of the cranial skeleton, the contribution of the pterygoid was
set at 10%, based on the approximated mid-range of published values
for carnivore species (4.3–18% by PCSA, 3.6–11.4% by dry weight, 3.6–
11.7% by wet weight in Davis, 1955; Schumacher, 1961; Turnbull, 1970;
those speciﬁcally for Herpestes were not available). Ratios of 42%
temporalis–48% masseter–10% pterygoid were used in all Herpestes
skull models. Because only relative values were required for compar-
ison of results in this single-species test design, an arbitrary total input
Fig. 2. Finite element models of a skull of Herpestes javanicus with increasing mesh
density from top to bottom (total tetrahedron or brick numbers given below each
model). These six models encompass the average FE quantity of published skull
models shown in Fig. 1. A seventh model with approximately 3,800,000 FEs was
included to cover the maximum FE quantity known from literature.
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muscle force of 1000 N was chosen to evaluate among all models in
order to easily calculate the mechanical advantage produced in
mastication simulations (mechanical advantage or efﬁciency¼output
force/input force) (Dumont et al., 2005). The program BoneLoad was
used to apply muscle input forces over the area of attachment using
the “tangential forces” option (Grosse et al., 2007).
All skull models were assigned a single set of isotropic material
properties, with Young's modulus of 20 GPa and Poisson ratio of
0.3, according to previously published models and empirical data
on mammalian cortical bone (Dumont et al., 2005; Erickson et al.,
2002). Although cranial sutures have been shown to play an
important role in modeling strain distributions and magnitudes
(Jasinoski et al., 2010; Reed et al., 2011), the main objective of this
study was to assess the internal consistency of the models, not to
reproduce accurate magnitudes or distributions of stress and
strain. Therefore, no sutures were included in the analyses.
We adjusted the balancing side muscle activation to be 60% of
maximal working (biting) side muscle force, based on previous
experimental results (Dessem, 1989; Dessem and Druzinsky, 1992).
Both left and right sides were tested because even though an
assumption of bilateral symmetry based on observation of the
morphology may be valid, there is no assumption of symmetry
during the solid-meshing process where tetrahedral FEs are used to
ﬁll bone space in the 3D reconstruction, where no symmetry is
implied or speciﬁed. All models were solved as linear static analyses
as in previous studies (Dumont et al., 2005; Rayﬁeld, 2007).
Twenty-three parameters were used to assess convergence in
model results. Bite force, an important component of carnivoran
masticatory and hunting ability (Wroe et al., 2005), was measured at
the nodal constraint on each tooth tip. As mentioned above, because
total muscle input force was ﬁxed at 1000 N, bite force divided by
1000 is equivalent to the non-dimensional mechanical advantage/
efﬁciency of the system. Total strain energy, a measure of the energy
retained by an object under loading, and is equivalent to the
energetic work done by the object (Dumont et al., 2009), were also
measured for all models. Higher strain energy means that more
energy or deformation is applied to the object for a given modeled
mastication scenario. One might expect species with stiffer, and
therefore more force-efﬁcient, skulls (those that can do a given
amount of work with a lower amount of self-deformation) to have
a selective advantage over less efﬁcient ones. Both of the above
measures have been used in previous comparative FE studies of
mammal skulls (e.g., Slater et al., 2010; Tseng and Stynder, 2011).
In addition, nodal principal von Mises stress (maximum/tensile
stress and minimum/compressive stress) and nodal displacement
values were measured at 7 anatomical landmarks along the mid-
sagittal plane of the skull model (Tseng, 2009; Tseng and Stynder,
2011); a total of 21 nodal values were recorded in each model
analysis in this manner, in addition to output bite force and total
strain energy of the model. Measurement of stress and displace-
ment values at speciﬁed nodes emulated the experimental method
of placing strain gages (but measuring stress instead of strain in
the computer models) on skull specimens to obtain overall
patterns of deformation, and have previously been shown to be
useful to distinguishing different dietary specializations (Tseng,
2009). A total of 266 FE analyses were conducted. The FE models
are available for open access online at the Dryad Digital Repository
(http://dx.doi.org/10.5061/dryad.90005).
2.3. Resampling analyses
To quantify the relative degrees of uncertainty in measurement
values obtained from models of different FE quantities and from
datasets of different number of models, we chose a jackkniﬁng
approach. Using the full, 7-model dataset described in the pre-
vious section and its mean and standard error values across the 23
measurements (bite mechanical efﬁciency and skull total strain
energy of each biting scenario, plus maximum principal stress,
minimum principal stress, and nodal displacement of each of
7 sampling points on the skull in each biting scenario), we
generated different sub-datasets that represented partial samples
of the seven models. Because model FE quantity is an important
variable both given the computing requirements and time
involved in FE solutions, we came up with ﬁve different sampling
schemes that sample models from different regions of the FE
quantity gradient: (1) ﬁll-up (lowest and highest FE quantity
models, with addition of models from the lower quantity end),
(2) add-up (addition of increasingly FE quantity models, beginning
with the lowest), (3) add-down (addition of decreasing FE quantity
models, beginning with the highest), (4) ﬁll-down (lowest and
highest FE quantity models, with addition from the higher
quantity end), and (5) ﬁll middle (lowest and highest FE quantity
models, with addition from mid-range quantities towards higher
and lower ends).
In terms of time and computational cost, building only high FE
quantity models for comparison across species will be more time
and computationally intensive than building low FE quantity
models. To assess the most cost-effective method of sampling
models to estimate uncertainty in measurement data, we evaluated
best performance among sampling schemes as the sub-dataset
having the lowest number of models (i.e., most cost-effective in
model-building time) that still replicated the mean values and the
uncertainties of the 23 measurement variables with o5% difference
from the “full sample” of all seven models. In other words, we
measured mean and uncertainty values (conﬁdence intervals) of all
measurements in all sub-datasets in different sampling schemes,
and compared those values to the same values obtained from the
original model datasets. Semi-automated re-sampling scripts were
written in the R programming language, and are available in
Appendices H and I.
2.4. Estimation of conﬁdence intervals around measurement means
To quantify the deviation of the measurement values obtained
from sub-sample datasets identiﬁed using the resampling method
Table 1
Attributes of ﬁnite element models analyzed in this study. Tet, tetrahedral
elements, d.o.f., degrees of freedom.
# tet # nodes d.o.f.
Fixed-constraint tet-4 dataset
475,865 176,834 530,493
514,773 183,276 549,819
610,467 217,237 651,702
770,806 242,704 728,103
1,059,959 321,501 964,494
1,322,383 367,351 1,102,044
3,806,920 849,535 2,548,596
Relaxed-constraint tet-4 dataset
475,865 176,834 530,496
514,773 183,276 549,822
610,467 217,237 651,705
770,806 242,704 728,106
1,059,959 321,501 964,497
1,322,383 367,351 1,102,047
3,806,920 849,535 2,548,599
Relaxed-constraint tet-10 dataset
507,075 887,775 2,663,319
541,282 933,484 2,800,446
707,921 1,222,827 3,668,475
819,077 1,371,131 4,113,387
1,117,571 1,885,310 5,655,924
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above, we used 1000 bootstrap replicates of the most cost-
effective sub-sampling approach to estimate the mean measure-
ment values and the 95% conﬁdence interval around that mean.
We did so by creating 1000 replicates (with replacement) of
3-model datasets from the full 7-model dataset, and used the FE
analysis results from those replicates to calculate the mean and
standard error of the 23 measurement values. If a candidate sub-
sampling approach returned a given measurement value that is
within the expected 95% CI of the bootstrapped datasets, then that
approach is considered acceptable for obtaining that measure-
ment value. Custom bootstrapping R scripts are also included in
Appendix J.
3. Results
The ﬁxed-constraint tet-4 and relaxed-constraint tet-4 datasets
both contained 7 models of varying FE quantities each, and the
relaxed-constraint tet-10 dataset contained 5 models. The highest
two FE quantity levels tested in the ﬁrst two datasets could not be
meshed using tet-10 settings because of memory issues, despite
our use of a high-end workstation with 96 GB of RAM installed.
Therefore all subsequent comparisons are made excluding the two
highest FE quantity data points in the relaxed-constraint tet-10
dataset (Figs. 3, 6, and 9).
Output bite force values, which are expected to remain con-
stant across different FE quantities, varied across FE quantities in
both ﬁxed-constraint tet-4 and relaxed-constraint tet-10 datasets
(Fig. 3). Only in the relaxed-constraint tet-4 dataset were bite force
values relatively constant (Figs. 3B and 8). Total strain energy
values, on the other hand, showed the least amount of variation in
the ﬁxed-constraint tet-4 dataset, and were less variable across
different bite position analyses compared to bite force measure-
ments (Fig. 3D–F). Raw data are provided in Appendices B–D.
Measurements of principal stresses and displacements from
mid-sagittal nodes on the skull models produced similar patterns
of variation in the ﬁxed-constraint and relaxed-constraint tet-4
datasets (Figs. 4 and 5). Nodes toward the rear of the skull tend to
show lower stress magnitudes and also lower variation in stress
magnitudes across bite position analyses (Figs. 4E–G, N and 5E–G,
N). The most variable maximum principal stress values across FE
quantities were measured from the anterior of the skull and from
the position of the postorbital processes of the frontal (Figs. 4A, D
and 5A, D), whereas the most variable minimum principal stress
values across FE quantities were measured from the sagittal crest
(Figs. 4M and 6M). Values of nodal displacement lowered from
anterior to posterior nodes, but the relative variability across
varying FE quantities and different bite position analyses stayed
relatively constant (Figs. 4O–U and 5O–U). Minimum principal
stress values between the position of the infraorbital foramina and
Fig. 3. Bite force (in Newtons) and total strain energy (in Joules) values measured in different datasets: (A) bite force from ﬁxed-constraint tet-4 analyses, (B) bite force from
relaxed-constraint tet-4 analyses, (C) bite force from relaxed-constraint tet-10 analyses, (D) strain energy from ﬁxed-constraint tet-4 analyses, (E) strain energy from relaxed-
constraint tet-4 analyses, and (F) strain energy from relaxed-constraint tet-10 analyses. Different symbols and lines represent different bite positions simulated. Value for
each data point is averaged between the left and right side analyses (for raw data see Appendices B–D).
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the postorbital constriction were visibly less variable across bite
positions in the relaxed-constraint tet-4 dataset compared to the
ﬁxed-constraint tet-4 dataset (Figs. 4I–L and 5I–L). Raw data are
provided in Appendices E–G.
Patterns and maginitudes of maximum principal stress values
were similar between the relaxed-constraint tet-10 dataset and
the tet-4 datasets, except for values at the node between post-
orbital processes of the frontal which were 2–3 times higher in
Fig. 4. Nodal stress and displacement values measured from the ﬁx-constraint tet-4 dataset: (A–G) nodal maximum principal stress (in megapascal) from nodes 1 to 7; (H–
N) nodal minimum principal stress (in megapascal) from nodes 1 to 7; (O–U) nodal displacement (in mm) from nodes 1 to 7. Maximum and minimum principal stress plots
have identical spacing between y-axis value labels to show relative ranges of variation in measurement values. Location of nodes samples are indicated on the skull of
Herpestes in the rightmost column. For raw data see Appendix E.
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magnitude in the tet-10 dataset compared to the tet-4 datasets
(Figs. 4D, 5D and 6D). Displacement values in the tet-10 dataset
were elevated across all nodes compared to the tet-4 datasets
(Figs. 4O–U, 5O–U and 6O–U).
Percent changes in bite force and strain energy values, eval-
uated from lower- to higher-quantity FE models, showed no
clear trend of convergence (i.e., decrease in pair-wise differences
between incrementally higher FE quantity models) across the
Fig. 5. Nodal stress and displacement values measured from the relaxed-constraint tet-4 dataset: (A–G) nodal maximum principal stress from nodes 1 to 7; (H–N) nodal
minimum principal stress from nodes 1 to 7; and (O–U) nodal displacement from nodes 1 to 7. Maximum and minimum principal stress plots have identical spacing between
y-axis value labels to show relative ranges of variation in measurement values. For raw data see Appendix F.
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range of FE quantity tested in the ﬁxed-constraint tet-4 dataset
(Fig. 7). Changes of less than 10% can be observed between any
two consecutive mesh models across biting tooth positions, but
differences above 10% also are observed at the higher end of the
mesh density. Among the tooth positions, P2 and M2 results tend
to have the lowest differences in values across all mesh densities.
This indicated that convergence of measured output force and
total strain energy in these bite position simulations (as evaluated
by differences of o10% and o5% between consecutive models)
occurred even at the lowest density tested.
The output bite force values measured from the relaxed-
constraint tet-4 dataset were much closer to the expectation of
Fig. 6. Nodal stress and displacement values measured from the relaxed-constraint tet-10 dataset: (A–G) nodal maximum principal stress from nodes 1 to 7; (H–N) nodal
minimum principal stress from nodes 1 to 7; and (O–U) nodal displacement from nodes 1 to 7. Maximum and minimum principal stress plots have identical spacing between
y-axis value labels to show relative ranges of variation in measurement values. For raw data see Appendix G.
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Fig. 7. Percentage differences between pairs of varying-quantity models in bite force (upper right) and strain energy (lower left) values across different bite positions, from
the canine to the second molar simulations of the ﬁxed-constraint tet-4 dataset: (A) Canine, (B) P1, (C) P2, (D) P3, (E) P4, (F) M1, (G) M2, and (H) legend. Differences of 0–5%
between consecutive models are marked in green and boldface font, those between 5.1% and 10% in yellow and italicized font, and above 10.1% in red, underlined font. Model
1: 475,865 elements, 2: 514,773 elements, 3: 610,467 elements, 4: 770,806 elements, 5: 1,059,959 elements, 6: 1,322,383 elements, and 7: 3,806,920 elements. (For
interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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Fig. 8. Percentage differences between pairs of varying-quantity models in bite force (upper right) and strain energy (lower left) values across different bite positions, from
the canine to the second molar simulations of the relaxed-constraint tet-4 dataset: (A) Canine, (B) P1, (C) P2, (D) P3, (E) P4, (F) M1, (G) M2, and (H) legend. Differences of
0–5% between consecutive models are marked in green and boldface font, those between 5.1% and 10% in yellow and italicized font, and above 10.1% in red, underlined font.
Model 1: 475,865 elements, 2: 514,773 elements, 3: 610,467 elements, 4: 770,806 elements, 5: 1,059,959 elements, 6: 1,322,383 elements, and 7: 3,806,920 elements. (For
interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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Fig. 9. Percentage differences between pairs of varying-quantity models in bite force (upper right) and strain energy (lower left) values across different bite positions, from
the canine to the second molar simulations of the relaxed-constraint tet-10 dataset: (A) Canine, (B) P1, (C) P2, (D) P3, (E) P4, (F) M1, (G) M2, and (H) legend. Differences of
0–5% between consecutive models are marked in green and boldface font, those between 5.1% and 10% in yellow and italicized font, and above 10.1% in red, underlined font.
Model 1: 507,075 elements, 2: 541,282 elements, 3: 707,921 elements, 4: 819,077 elements, and 5: 1,117,571 elements. (For interpretation of the references to color in this
ﬁgure legend, the reader is referred to the web version of this article.)
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Fig. 10. Percentage changes between pairs of varying-quantity models in principal stress and displacement values across different bite positions, from the canine to the
second molar simulations of: (A) the ﬁxed-constraint tet-4 dataset, (B) the relaxed-constraint tet-4 dataset, and (C) the relaxed-constraint tet-10 dataset. Differences of 0–5%
between consecutive models are marked in green, those between 5.1% and 10% in yellow, and between 10.1% and 20% in red. Those values above 20.1% differences are not
highlighted. Numbering of grids indicates pairwise comparisons of models adjacent in FE quantity. (For interpretation of the references to color in this ﬁgure legend, the
reader is referred to the web version of this article.)
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identity than in the ﬁxed-constraint dataset (Fig. 8). All of the pair-
wise differences in output force values were lower than 10%, and
most were lower than 5%. Slight improvement in convergence of
total strain energy values was observed for the canine, P1, and P3
bite position simulations (Figs. 7A, C, D and 8A, C, D). However,
4 out of 5 instances of pairwise difference of larger than 10% along
the convergence test sequence occurred in the higher FE quantity
end of the models (Fig. 8B, C, E, F).
Output bite force and strain energy values measured from the
relaxed-constraint tet-10 dataset did not exhibit any clear pattern
of convergence (Fig. 9). In fact, most cases of pair-wise differences
above 10% along the convergence test sequence (the diagonal
values in Fig. 9) occurred at the high end of FE quantity models.
Pair-wise differences in the principal stress and displacement
values were visually comparable across the three datasets (Fig. 10).
In the tet-4 datasets, differences in displacement values across
increasing FE quantities were smaller for canine and M2 bite
simulations, and for the relaxed-constraint tet-4 dataset P1 and P2
bite simulations showed similar trends. Minimum principal stress
values tend to show smaller differences along the FE quantity
sequence than maximum principal stress values in all three data-
sets. Overall, the relaxed-constraint tet-4 dataset had the highest %
of measurement values falling within cutoff deviation percentages
of either 5%, 10%, or 20% (Table 2). Therefore, subsequent re-
sampling analyses were conducted on the relaxed-constraint tet-4
dataset only, in order to estimate the best sub-sampling method
from the “best-case scenario” dataset.
Out of the ﬁve sub-sampling schemes applied to the relaxed-
constraint tet-4 dataset, the “Add-up” scheme had the smallest
sub-samples that provided mean measurement values that dif-
fered from the full sample mean by less than 5% (Fig. 11). Although
in the case of both “Add-up” and “Add-down” schemes the total
strain energy were not as closely estimated with 2- and 3-model
sub-samples as the other schemes, minimum principal stress and
displacement values in “Add-up” were closer to values from full
datasets than the other schemes. In addition, the “Add-up” scheme
provided the closest estimation (least deviation) of standard error
overall, with 30–65% of the sub-sample datasets providing stan-
dard error of the mean measurement value to within 5% of those
calculated for the full dataset (Fig. 12).
Bootstrap analysis for the 95% conﬁdence interval around the
mean in 1000 replicates of 2- and 3-model sub-sample datasets
showed that, in the “best-case scenario” (i.e. using results from the
canine bite simulation models in the relaxed-constraint tet-4
dataset, Table 2), most of the measurement values examined
(20 out of 23) had mean values within the 95% CI for “Add-up”
2-model datasets. All of the 23 measurement values were esti-
mated to be within the 95% CI in the “Add-up” 3-model dataset.
4. Discussion
Convergence analyses across different bite positions within the
same H. javanicusmodel indicate that even when convergence (o5%
difference in consecutive FE quantity models) is obtained in strain
energy and output force values at one bite position, additional
analyses with a different set of constraints and at different bite
positions do not necessarily produce equally stable results for that
model (Figs. 7–9). Strain energy, or the work efﬁciency, of the
Herpestes skull model is much less sensitive to changes in bite
position relative to variation in output force (Fig. 3). One explanation
is that these results are consistent with the many-to-one functional
mapping of mammal skulls, or the selection of overall skull mor-
phology for various protective, sensory, and masticatory activities
that may generate trade-offs between optimization of a speciﬁc
function versus balance for multiple functions of the same structure
(Wainwright, 2007). There is thus a large safety factor in strain
energy magnitudes experienced by the skull during biting at
different tooth positions, so that none of the typical biting behavior
would over-stress the skull. This, in turn, supports the argument for
comparison of overall range of strain energy in different bite
scenarios as a measure of adaptation of the skull for masticatory
Table 2
Summary of pairwise differences between adjacent models in the convergence sequence of increasing FE quantities. Percentages of the 23 measurements taken in each
model that differ less than the designated cutoff % (5%, 10%, or 20%) are shown for the 3 different constraint/element type datasets. Highest % of measurements with values
less than the cutoff threshold are shown in bold font (for 5% and 10% cutoff) or italicized font (for 20% cutoff). The relaxed-constraint tet-4 dataset has the highest % of total
and individual bite position measurement values under both 5% and 10% cutoff criteria.
Cutoff (%) Fixed-constraint tet-4 Relaxed-constraint tet-4 Relaxed-constraint tet-10
# % # % # %
Canine 5 1 4.35 7 30.43 0 0.00
10 6 26.09 11 47.83 7 30.43
20 14 60.87 14 60.87 12 52.17
P1 5 1 4.35 2 8.70 0 0.00
10 4 17.39 9 39.13 7 30.43
20 10 43.48 14 60.87 12 52.17
P2 5 0 0.00 6 26.09 0 0.00
10 4 17.39 10 43.48 2 8.70
20 12 52.17 14 60.87 11 47.83
P3 5 0 0.00 2 8.70 0 0.00
10 1 4.35 5 21.74 2 8.70
20 9 39.13 15 65.22 5 21.74
P4 5 0 0.00 2 8.70 0 0.00
10 1 4.35 4 17.39 0 0.00
20 3 13.04 10 43.48 6 26.09
M1 5 0 0.00 2 8.70 0 0.00
10 1 4.35 4 17.39 0 0.00
20 8 34.78 14 60.87 0 0.00
M2 5 1 4.35 2 8.70 0 0.00
10 9 39.13 10 43.48 1 4.35
20 14 60.87 13 56.52 6 26.09
All 5 3 1.86 23 14.29 0 0.00
10 26 16.15 53 32.92 19 11.80
20 70 43.48 94 58.39 52 32.30
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tasks, with less specialized species hypothesized to show less
variation in strain energy across different bites. In other words,
species with broader range of diets will have skulls that handle
different types of stress at different bite positions, whereas more
specialized species with narrower diets tend to focus on adapting the
craniodental system to function best at speciﬁc bite positions.
Consistent with the predicted effects of over-constraining FE
models (Dumont et al., 2011), the ﬁxed-constraint tet-4 dataset
produced variable output forces across FE quantities, and the
relaxed-constraint tet-4 dataset produced nearly identical output force
values across increasing FE quantities (Fig. 3). However, contrary to
expectations, the relaxed-constraint tet-10 models performed more
poorly in producing consistent measurement values compared to the
relaxed-constraint tet-4 models (Figs. 3–10). These results suggest that
out of the three types of constraint/element type datasets tested in this
study, the relaxed-constraint tet-4 dataset is the preferred method to
obtain the most consistent results in output force, total strain energy,
principal stresses, and displacement values. We checked for potential
errors in the tet-10 modeling process, especially in the assignment of
muscle forces using the BoneLoad program, and found that the
assigned muscle forces showed no differences in tet-4 versus tet-10
models. In fact, identical surface plate elements were used to represent
muscle attachment areas in all corresponding tet-4 versus tet-10
models by preserving the connecting nodes between the skull model
and its muscle plates (and remeshing only the skull tetrahedral
elements and not the plates). Therefore, the unexpected tet-10 results
likely did not come from incorrectly modeled input forces.
Given the wide range of ﬁnite elements incorporated into the
seven skull models, varying from 500,000 to 3,800,000 ele-
ments and encompassing the mesh density in most previously
published mammal and other vertebrate skull FE models (Fig. 1),
increased FE quantities do not result in more stable or convergent
values for the same analyses with identical parameters other than
FE element quantity. This ﬁnding suggests that having higher-
density mesh models does not necessarily provide more accurate
or numerically robust comparisons, and does not support the
direct use of either specimen-speciﬁc or universally optimal FE
quantities for among-species comparisons (Figs. 7–10). Another
implication is that comparisons between higher- and lower-
density models across taxa might be as valid as models built with
identical or very similar mesh densities. However, sizable variation
in magnitudes of the attributes examined, regardless of whether
results are examined in single models at any given FE quantity,
with a series of models of increasing FE quantity, or using different
sub-sampling approaches, is still present across models of the same
exemplar skull. As a cost-effective solution (in both time and
Fig. 11. Percent deviation of mean measurement values of sub-samples taken from the full 7-model dataset of canine bite simulations. The 5 sub-sampling approaches are
indicated at the top (A–E), and numbering in the grids below correspond to the particular sub-sample in each approach. Sub-sample mean value deviations of o5% from the
full sample mean values are shaded (green) in the result grids. Mean and median deviations of all measurement values in each sub-sample dataset from the full dataset are
given at the bottom. Percentages of measurements in sub-sample datasets that are “stable” (i.e. within 5% deviation from full dataset) also are provided. Light (gray) shade
over the mean, median, and % stable values for “Add Up” subsamples 3 and 2 indicate the most cost-effective sub-sampling technique out of all approaches and subsample
sizes tested. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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computational resources), we recommend using multiple model FE
quantities of the same specimen to obtain mean values from multi-
model analyses to be used in comparisons across different species, in
order to account for variation in bite force, strain energy, principal
stress, and displacement values caused by the speciﬁc arrangement
of elements or introduced uncertainty in placement of constraints
and loads in any particular model/mesh quantity, and not because of
actual biomechanical differences between species models. It is
important to note that model samples as small as three can produce
means that vary less than 5% from the larger, more complex and
time-consuming to generate, seven-model samples.
Using the relaxed-constraint tet-4 models, our jackknife and
bootstrap analyses also support the ﬁnding that high FE quantity
models (between 1 and 4 million tetrahedral elements) are not
required to obtain stable measurement values used in comparative
FEA (Figs. 11 and 12). In fact, there is little support for the higher FE
quantity models providing less variable outcomes (Figs. 7–10). Out
of the 5 sub-sampling schemes we tested, smaller datasets at the
lower FE quantity end of the spectrum (i.e. using an “Add-up”
sampling scheme, Fig. 11) were able to effectively replicate mean
measurement values and the standard error around them for more
attributes than in other schemes (Figs. 11, 12 and Tables 2, 3). In
addition, most of the 95% CI calculated using a bootstrap approach
for the 23 measurements are within 20% deviation from the mean
(Table 3). This ﬁnding suggests that differences in those values of
more than 40% between two species model means can be
considered to be signiﬁcantly different from each other within a
comparative context. However, a large range in width of the 95% CI
exists within the 23 measurements: output force and total strain
energy values have under 10% deviation in their 95% CI, so only a
20% difference is enough to support a signiﬁcant difference in the
mean values of those two attributes between species models.
Maximum principal stress values tend to be more variable, with
larger 95% CI (up to 163%), and therefore less reliable in compar-
isons of any two models or two sub-sample model datasets for
determining whether signiﬁcant differences are present (Table 3).
General implementation of these recommendations will increase
the conﬁdence in comparisons of biomechanical performance
among ﬁnite element models of comparably complex structures
across different taxa and sampling regimes, by better accommo-
dating the effects of differing element densities on variations
among the functional parameters being used to test hypotheses
of adaptation or form–function relationships.
Lastly, although bilateral symmetry is commonly assumed in FE
analyses of biting, our analyses of both left and right dentitions
show that aberrant bite force and strain energy values can be
produced at unpredictable tooth positions across models of the same
skull with different FE element quantities (Appendices E–G). Similar
Fig. 12. Percent deviation of the standard error of the mean measurement values of sub-samples taken from the full 7-model dataset of canine bite simulations. Sub-sample
labels as in Fig. 11. Sub-sample standard error deviations of o5% from the full sample standard error are shaded (green) in the result grids. Mean and median deviations of
all standard error values in each sub-sample dataset from the full dataset are given at the bottom. Percentages of measurements in sub-sample datasets that are “acceptable”
(i.e. either the same as, or lower than, standard error of the mean for each measurement in the full dataset) also are provided. Light (gray) shade over the mean, median, and
% stable values for “Add Up” subsamples indicate all sub-samples in that approach represent the most cost-effective sub-sampling techniques out of all approaches and
subsample sizes tested. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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ﬁndings have previously been reported in strain energy values of bear
skull models (Slater et al., 2010). The exact cause of this inconsistency
is not known, but it may stem from asymmetric solid mesh models
having very small or skewed FE dimensions on one side but not the
other. Even though the aspect ratios of the FEs were controlled for
during the modeling process, small differences between left and right
side morphology can nevertheless translate to asymmetrical arrange-
ment of FEs in the ﬁnal model, and having elements of vastly different
sizes adjacent to each other could generate aberrant outcomes that are
used for comparative purposes. Therefore, the results indicate that it is
still important to analyze both left and right sides for morphologically
bilaterally symmetrical models, because the FEs that comprise them
are not necessarily symmetrical.
5. Conclusions
We conducted a convergence analysis on a series of FE models of a
skull of H. javanicus built using a previously described protocol that
utilizes muscle-wrapping algorithms to simulate jaw-closing muscle
contraction. A range of FE element quantities from 500k to 3.8
million elements was tested using 3 datasets differing in constraint
degrees of freedom and tetrahedral element type. We found no
consistent convergence of 23 biomechanical measurements across
tooth loci or in higher-resolution models. In other words, single, very
high-resolution models are not sufﬁcient for comparative analyses of
biomechanical function because uncertainty in analysis outcome
values are not necessarily lower in models with higher FE quantity.
Further analyses based on sub-sampling and subsets of the seven-
model dataset indicated that in the absence of a simple pattern of
increasing convergence of output biomechanical attributes with
increasing FE element quantity, the use of bite force, strain energy,
principal stresses, and displacement values as attributes of comparison
between species FE models can still be valid even with uncertainty in
the effect of variables other than FE element quantity. In particular,
sampling a minimum of three models from the lower end of the FE
quantity spectrum produced means of those measured attributes to
within the 95% conﬁdence interval of value means obtained with the
full seven-model datasets. The best sampling scheme indicated that
low-FE quantity models (an “Add-up” approach) can produce esti-
mates of mean and uncertainty around the mean in bite force and
strain energy that allow setting a 20% difference in those values
between models as a criterion for signiﬁcant differences between
models of comparably complex shapes built based on the popular FE
protocol currently in use. Using three models ameliorates problems
arising from applying only a single model (as none of the single model
analyses consistently yielded convergence on the mean values across
the full set of models or produced more stable outputs with increasing
FE quantity), while minimizing analytical time spent (unnecessarily)
on producing more models to achieve the same mean estimations and
variances. Accounting for uncertainties in modeling results in this
manner provides a stronger basis for comparing biomechanical
performance differences between species models, especially in cases
where ecological inferences are made for extinct forms for which only
one or a few specimens are available for such simulation studies.
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Table 3
Bootstrap sampling of 2- and 3-model datasets taken (with replacement) from the full 7-model dataset. Comparison of the resulting 95% conﬁdence interval deviation from
the mean of bootstrap values to the full 7-model and the 2- and 3-model “Add up” sub-sampling dataset. The bootstrap analysis was done on the “best case scenario” canine
simulation data from relaxed-constraint tet-4 analyses (Table 2). Bootstrap analyses (1000 replicates) were done in R using a customized script (see appendices). In most of
the 23 measurements the % deviation of the mean obtained in “Add up” 2- and 3-model samples from the full dataset fall within the 95% conﬁdence interval calculated by
the bootstrap analyses.
7-model dataset Add-up 2 Bootstrap resampling
of 2-model datasets
Add-up 3 Bootstrap resampling
of 3-model datasets
Mean Std.
error
%Δ
Mean
%ΔMean Std.
error
%Δmean.
LowerCI
%Δmean.
HigherCI
%Δ
Mean
%ΔMean Std.
error
%Δmean.
LowerCI
%Δmean.
HigherCI
BF 145.286 1.107 0.3 0.1 0.061 2.4 2.1 0.1 0.0 0.051 2.3 2.2
SE 0.049 0.001 10.2 0.0 0.000 10.2 7.3 7.3 0.2 0.000 7.7 8.0
smax-node1 3.607 0.588 26.4 0.6 0.032 29.9 58.5 8.7 0.0 0.026 30.2 52.7
smax-node2 1.821 0.269 24.4 0.3 0.015 41.9 42.4 21.5 1.0 0.012 49.9 37.4
smax-node3 3.781 0.370 11.8 0.4 0.020 41.0 22.3 2.0 0.6 0.017 27.4 19.7
smax-node4 1.741 0.785 0.8 2.6 0.045 83.3 152.9 20.7 0.5 0.035 76.3 147.6
smax-node5 0.254 0.071 3.0 0.3 0.004 73.1 100.5 5.8 0.9 0.003 66.7 70.7
smax-node6 0.066 0.029 50.0 2.3 0.002 125.4 82.2 71.5 2.3 0.001 163.8 85.2
smax-node7 0.012 0.004 1.3 0.1 0.000 65.0 87.9 2.9 0.1 0.000 63.7 113.3
smin-node1 3.534 0.492 33.0 1.1 0.028 36.4 43.3 11.2 1.2 0.022 45.0 34.8
smin-node2 10.597 0.303 1.3 0.1 0.017 7.7 8.9 4.1 0.0 0.014 7.5 8.2
smin-node3 11.814 0.165 1.8 0.0 0.009 2.7 4.1 1.0 0.1 0.007 3.1 4.7
smin-node4 8.436 0.350 0.5 0.2 0.019 10.9 14.8 0.5 0.3 0.016 8.7 11.7
smin-node5 5.466 0.315 3.9 0.3 0.018 16.4 28.0 3.1 0.3 0.014 12.8 17.4
smin-node6 5.937 0.784 6.9 0.2 0.043 54.6 31.9 16.1 0.3 0.034 34.6 31.4
smin-node7 0.038 0.005 9.1 0.5 0.000 34.4 28.1 11.3 0.2 0.000 44.3 21.7
disp-node1 0.101 0.003 3.3 0.0 0.000 8.5 6.2 0.5 0.1 0.000 7.0 5.9
disp-node2 0.103 0.003 5.2 0.0 0.000 7.0 8.3 2.8 0.0 0.000 6.6 7.8
disp-node3 0.101 0.003 5.4 0.0 0.000 9.1 8.9 3.4 0.3 0.000 6.4 7.7
disp-node4 0.093 0.003 7.0 0.3 0.000 6.7 10.9 4.9 0.2 0.000 6.9 11.0
disp-node5 0.087 0.003 8.4 0.4 0.000 8.1 11.9 6.1 0.0 0.000 8.0 11.5
disp-node6 0.061 0.004 12.3 0.5 0.000 11.9 19.8 11.5 0.1 0.000 11.5 17.6
disp-node7 0.036 0.002 12.8 0.2 0.000 19.2 19.9 5.1 0.0 0.000 13.6 18.5
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Appendix A
See Table A1.
Table A1
List of FE models and their FE quantities as reported in published studies. List is
alphabetically ordered by taxon name.
#FEs Taxon Reference
748,344 Agriotherium africanum Oldﬁeld et al. (2012)
1,493,245 Agriotherium africanum Oldﬁeld et al. (2012)
493,391 Ailuropoda melanoleuca Figueirido et al. (2014)
706,942 Ailuropoda melanoleuca Figueirido et al. (2014)
1,296,475 Ailuropoda melanoleuca Figueirido et al. (2014)
539,793 Ailuropoda melanoleuca Figueirido et al. (2014)
869,398 Ailuropoda melanoleuca Figueirido et al. (2014)
1,414,231 Ailuropoda melanoleuca Figueirido et al. (2014)
2,304,324 Ailuropoda melanoleuca Oldﬁeld et al. (2012)
492,529 Ailurus fulgens Figueirido et al. (2014)
455,432 Ailurus fulgens Figueirido et al. (2014)
870,691 Ailuru sfulgens Figueirido et al. (2014)
627,055 Ailurus fulgens Figueirido et al. (2014)
1,061,235 Ailurus fulgens Figueirido et al. (2014)
967,596 Ailurus fulgens Figueirido et al. (2014)
641,085 Alligator mississippiensis Reed et al. (2011)
360,399 Alligator mississippiensis Reed et al. (2011)
11,054 Alligator sp. Rayﬁeld et al. (2007)
146,398 Allosaurus fragilis Rayﬁeld et al. (2001)
1,080,137 Andalgalornis steulleti Degrange et al. (2010)
251,968 Artibeus jamaicensis Dumont et al. (2005)
778,586 Australopithecus africanus Strait et al. (2009)
1,046,435 Australopithecus africanus Wroe et al. (2010)
26,916 Baryonyx walkeri Rayﬁeld et al. (2007)
920,143 Borophagus secundus Tseng and Wang (2010)
276,2137 Boulengerulataltana Kleinteich et al. (2012)
1,136,737 Callithrix jacchus Dumont et al. (2011)
3007 Canis familiaris Verrue et al. (2001)
6859 Canis familiaris Verrue et al. (2001)
1,498,420 Canis lupus Tseng and Wang (2010)
1,120,780 Canis lupus Tseng and Wang (2010)
429,482 Canis lupus Tseng and Binder (2010)
130,693 Canis lupus Tseng and Binder (2010)
101,674 Canis lupus Tseng et al. (2011b)
319,447 Canis lupus Tseng et al. (2011b)
336,658 Canis lupus Tseng et al. (2011b)
383,319 Canis lupus Tseng et al. (2011b)
704,257 Canis lupus Tseng et al. (2011b)
990,796 Canis lupus Tseng et al. (2011b)
1,249,385 Canis lupus Tseng et al. (2011b)
1,404,279 Canis lupus Tseng et al. (2011b)
887,281 Canis lupus dingo Wroe et al. (2007)
1,039,276 Canis mesomela Slater et al. (2009)
931,998 Canis simensis Slater et al. (2009)
382,972 Capra hircus Farke (2008)
363,407 Capra hircus Farke (2008)
309,790 Capra hircus Farke (2008)
311,503 Capra hircus Farke (2008)
1,145,397 Carcharias taurus Ferrara et al. (2011)
1,220,287 Carcharodon carcharias Ferrara et al. (2011)
1,121,102 Chasmaporthetes lunensis Tseng et al. (2011a)
1,319,307 Crocuta crocuta Tanner et al. (2008)
1,332,181 Crocuta crocuta Tanner et al. (2008)
1,255,253 Crocuta crocuta Tanner et al. (2008)
1,174,149 Crocuta crocuta Tseng et al. (2011a)
1,173,850 Crocuta crocuta Tseng et al. (2011a)
1,066,194 Crocuta crocuta Tseng and Stynder (2011)
973,734 Crocuta crocuta Tseng (2009)
483,033 Crocuta crocuta Tseng and Binder (2010)
125,892 Crocuta crocuta Tseng and Binder (2010)
138,037 Cynopterus brachyotis Dumont et al. (2005)
1,532,146 Dinocrocuta gigantea Tseng (2009)
1,188,858 Dinocrocuta gigantea Tseng and Binder (2010)
906,257 Diplodocus sp. Young et al. (2012)
937,061 Epicyon haydeni Tseng and Wang (2010)
811,162 Felis lybica Slater and Van
Valkenburgh (2009)
Table A1 (continued )
#FEs Taxon Reference
34,020 Gavialis sp. Rayﬁeld et al. (2007)
500,000 Geospiza spp. Soons et al. (2010)
2,319,922 Geotrypetes seraphini Kleinteich et al. (2012)
1,213,134 Gorilla gorilla Wroe et al. (2010)
769,740 Hesperocyon gregarius Tseng and Wang (2010)
20,736 Homalocephale sp. Snively and Cox (2008)
2,403,023 Homo sapiens Boryor et al. (2008)
953,902 Homo sapiens Wroe et al. (2010)
1,049,590 Hylobates lar Wroe et al. (2010)
2,419,341 Ichthyophis cf. kohtaoensis Kleinteich et al. (2012)
1,655,040 Ikelohyaena abronia Tseng and Stynder (2011)
1,618,872 Lanthanotus borneesis Parr et al. (2012)
1,225,125 Lanthanotus borneesis Parr et al. (2012)
1,201,810 Lanthanotus borneesis Parr et al. (2012)
1,002,902 Lycaon pictus Slater et al. (2009)
1,366,087 Lycaon pictus Tseng and Stynder (2011)
1,087,376 Lystrosaurus sp. Jasinoski et al. (2010)
724,095 Macaca fascicularis Fitton et al. (2012)
879,744 Macaca fascicularis Nakashige et al. (2010)
875,238 Macaca fascicularis Nakashige et al. (2010)
311,047 Macaca fascicularis Ross et al. (2010)
115,623 Mesocyon coryphaeus Tseng and Wang (2010)
948,735 Mictotomarctus conferta Tseng and Wang (2010)
1,030,930 Neofelis nebulosa Slater and Van
Valkenburgh (2009)
462,447 Oudenodon sp. Jasinoski et al. (2010)
13,732 Pachycephalosaurus sp. Snively and Cox (2008)
971,774 Pan pygmaeus Wroe et al. (2010)
1,224,778 Pan troglodytes Wroe et al. (2010)
1,805,317 Panthera leo McHenry et al. (2007)
1,356,850 Panthera leo Slater and Van
Valkenburgh (2009)
1,805,317 Panthera leo Wroe (2008)
1,360,505 Panthera pardus Tseng and Stynder (2011)
1,126,317 Paranthropus boisei Wroe et al. (2010)
3,188,772 Rhinatrema bivittataum Kleinteich et al. (2012)
1,248,605 Saguinus fuscicollis Dumont et al. (2011)
800,000 Sciurus carolinensis, Cavia porcellus,
Rattus norvegicus
Cox et al. (2011)
1,200,000 Sciurus carolinensis, Cavia porcellus,
Rattus norvegicus
Cox et al. (2011)
2,335,483 Siphonops annulatus Kleinteich et al. (2012)
2,067,202 Smilodon fatalis McHenry et al. (2007)
1,382,216 Thlacinus cynocephalus Wroe et al. (2007)
1,892,426 Thylacoleo carnifex Wroe (2008)
2,482,276 Typhlonectes natans Kleinteich et al. (2012)
207,000 Uromastyx hardwickii Moazen et al. (2008)
1,976,966 Ursus americanus Oldﬁeld et al. (2012)
984,184 Ursus arctos Slater et al. (2010)
2,197,425 Ursus arctos Oldﬁeld et al. (2012)
841,531 Ursus maritimus Slater et al. (2010)
1,979,000 Ursus maritimus Oldﬁeld et al. (2012)
1,813,874 Ursus maritimus Oldﬁeld et al. (2012)
2,176,109 Ursus thibetanus Oldﬁeld et al. (2012)
1,568,298 Varanus exanthamaticus Parr et al. (2012)
1,158,030 Varanus exanthamaticus Parr et al. (2012)
1,172,976 Varanus exanthamaticus Parr et al. (2012)
1,250,692 Varanus acanthurus Parr et al. (2012)
1,051,243 Varanus acanthurus Parr et al. (2012)
962,451 Varanus acanthurus Parr et al. (2012)
1,449,671 Varanus gouldii Parr et al. (2012)
1,072,637 Varanus gouldii Parr et al. (2012)
1,007,145 Varanus gouldii Parr et al. (2012)
1,200,000 Varanus komodoensis Moreno et al. (2008)
1,269,685 Varanus komodoensis Parr et al. (2012)
1,060,328 Varanus komodoensis Parr et al. (2012)
997,925 Varanus komodoensis Parr et al. (2012)
1,055,084 Varanus salvadorii Parr et al. (2012)
1,034,668 Varanus salvadorii Parr et al. (2012)
1,188,340 Varanus salvadorii Parr et al. (2012)
807 Various ungulates Fletcher et al. (2010)
1561 Various ungulates Fletcher et al. (2010)
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Table B1
Raw data values for output bite force (OUT) and total strain energy (SE) measurements in the ﬁxed-constraint tet-4 dataset. Left, right, and mean values for each bite position
analysis are shown. Approximate FE quantities in each model are indicated by column labels.
475kL-OUT 475kL-SE 475kR-OUT 475kR-SE 475kMEAN-OUT 475kMEAN-SE
C1 151 0.0387 152 0.0417 151.5 0.0402
P1 181 0.0382 165 0.0399 173 0.03905
P2 171 0.039 182 0.0399 176.5 0.03945
P3 206 0.0404 131 0.0355 168.5 0.03795
P4 239 0.0396 250 0.0368 244.5 0.0382
M1 282 0.0436 282 0.0379 282 0.04075
M2 336 0.034 322 0.0371 329 0.03555
514kL-OUT 514kL-SE 514kR-OUT 514kR-SE 514kMEAN-OUT 514kMEAN-SE
C1 160 0.0373 161 0.0394 160.5 0.03835
P1 171 0.0381 175 0.0373 173 0.0377
P2 187 0.0396 193 0.0373 190 0.03845
P3 215 0.0456 221 0.0356 218 0.0406
P4 251 0.0374 256 0.0378 253.5 0.0376
M1 101 0.032 298 0.046 199.5 0.039
M2 356 0.0318 354 0.0401 355 0.03595
610kL-OUT 610kL-SE 610kR-OUT 610kR-SE 610kMEAN-OUT 610kMEAN-SE
C1 159 0.0429 158 0.0421 158.5 0.0425
P1 138 0.0389 205 0.0369 171.5 0.0379
P2 181 0.0412 184 0.0426 182.5 0.0419
P3 200 0.044 213 0.0406 206.5 0.0423
P4 245 0.0408 252 0.0406 248.5 0.0407
M1 284 0.0439 284 0.0448 284 0.04435
M2 340 0.0338 340 0.0434 340 0.0386
770kL-OUT 770kL-SE 770kR-OUT 770kR-SE 770kMEAN-OUT 770kMEAN-SE
C1 154 0.0461 151 0.0475 152.5 0.0468
P1 168 0.046 99.2 0.04 133.6 0.043
P2 205 0.0452 185 0.0453 195 0.04525
P3 211 0.0435 212 0.0458 211.5 0.04465
P4 210 0.0375 141 0.0384 175.5 0.03795
M1 259 0.0448 291 0.0495 275 0.04715
M2 341 0.0373 334 0.0452 337.5 0.04125
1060kL-OUT 1060kL-SE 1060kR-OUT 1060kR-SE 1060kMEAN-OUT 1060kMEAN-SE
C1 155 0.0485 64.1 0.0445 109.55 0.0465
P1 171 0.0441 170 0.0452 170.5 0.04465
P2 213 0.0441 188 0.0474 200.5 0.04575
P3 212 0.0454 123 0.0382 167.5 0.0418
P4 247 0.0388 250 0.0391 248.5 0.03895
M1 291 0.0496 293 0.0544 292 0.052
M2 353 0.039 312 0.0467 332.5 0.04285
1322kL-OUT 1322kL-SE 1322kR-OUT 1322kR-SE 1322kMEAN-OUT 1322kMEAN-SE
C1 153 0.0465 174 0.0463 163.5 0.0464
P1 158 0.0408 172 0.0449 165 0.04285
P2 179 0.0435 190 0.0429 184.5 0.0432
P3 168 0.0447 215 0.0456 191.5 0.04515
P4 247 0.0423 231 0.0443 239 0.0433
M1 254 0.0404 293 0.0521 273.5 0.04625
M2 273 0.0396 345 0.043 309 0.0413
3806kL-OUT 3806kL-SE 3806kR-OUT 3806kR-SE 3806kMEAN-OUT 3806kMEAN-SE
C1 159 0.0484 151 0.0548 155 0.0516
P1 167 0.0498 163 0.05 165 0.0499
P2 189 0.0514 186 0.0501 187.5 0.05075
P3 219 0.0512 209 0.0484 214 0.0498
P4 270 0.0488 220 0.0472 245 0.048
M1 303 0.0558 234 0.0486 268.5 0.0522
M2 338 0.0434 280 0.044 309 0.0437
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Table C1
Raw data values for output bite force (OUT) and total strain energy (SE) measurements in the relaxed-constraint tet-4 dataset. Left, right, and mean values for each bite
position analysis are shown. Approximate number of FEs in each model is indicated by column labels.
475kL-OUT 475kL-SE 475kR-OUT 475kR-SE 475kMEAN-OUT 475kMEAN-SE
C1 142 0.0432 143 0.0464 142.5 0.0448
P1 165 0.0411 Batched Batched 165 0.0411
P2 180 0.0427 180 0.0412 180 0.04195
P3 203 0.0416 207 0.0389 205 0.04025
P4 236 0.0409 237 0.0381 236.5 0.0395
M1 278 0.0457 280 0.0388 279 0.04225
M2 328 0.0352 321 0.0371 324.5 0.03615
514kL-OUT 514kL-SE 514kR-OUT 514kR-SE 514kMEAN-OUT 514kMEAN-SE
C1 147 0.0433 151 0.0445 149 0.0439
P1 171 0.0398 176 0.0387 173.5 0.03925
P2 188 0.0404 191 0.0387 189.5 0.03955
P3 214 0.0465 219 0.0366 216.5 0.04155
P4 251 0.0376 253 0.0395 252 0.03855
M1 291 0.0456 293 0.0496 292 0.0476
M2 344 0.0336 349 0.041 346.5 0.0373
610kL-OUT 610kL-SE 610kR-OUT 610kR-SE 610kMEAN-OUT 610kMEAN-SE
C1 141 0.0499 147 0.0474 144 0.04865
P1 165 0.0432 169 0.0436 167 0.0434
P2 182 0.0417 186 0.0458 184 0.04375
P3 206 0.0445 212 0.0416 209 0.04305
P4 244 0.0412 246 0.0432 245 0.0422
M1 280 0.0452 283 0.049 281.5 0.0471
M2 332 0.0353 336 0.0445 334 0.0399
770kL-OUT 770kL-SE 770kR-OUT 770kR-SE 770kMEAN-OUT 770kMEAN-SE
C1 146 0.0512 145 0.0509 145.5 0.05105
P1 169 0.0482 168 0.0473 168.5 0.04775
P2 184 0.0487 184 0.047 184 0.04785
P3 210 0.0443 210 0.0474 210 0.04585
P4 244 0.0393 242 0.0473 243 0.0433
M1 285 0.0491 281 0.0517 283 0.0504
M2 335 0.0386 333 0.0454 334 0.042
1060kL-OUT 1060kL-SE 1060kR-OUT 1060kR-SE 1060kMEAN-OUT 1060kMEAN-SE
C1 146 0.0531 149 0.0494 147.5 0.05125
P1 170 0.049 173 0.0458 171.5 0.0474
P2 187 0.047 189 0.0481 188 0.04755
P3 211 0.0459 215 0.044 213 0.04495
P4 245 0.0394 247 0.04 246 0.0397
M1 288 0.0511 287 0.058 287.5 0.05455
M2 344 0.0408 341 0.0499 342.5 0.04535
1322kL-OUT 1322kL-SE 1322kR-OUT 1322kR-SE 1322kMEAN-OUT 1322kMEAN-SE
C1 146 0.0508 149 0.0524 147.5 0.0516
P1 169 0.0473 173 0.0461 171 0.0467
P2 184 0.0487 190 0.0462 187 0.04745
P3 210 0.0453 213 0.0468 211.5 0.04605
P4 244 0.0433 248 0.0478 246 0.04555
M1 287 0.0426 287 0.0525 287 0.04755
M2 334 0.0423 341 0.0435 337.5 0.0429
3806kL-OUT 3806kL-SE 3806kR-OUT 3806kR-SE 3806kMEAN-OUT 3806kMEAN-SE
C1 142 0.0521 140 0.0565 141 0.0543
P1 164 0.0676 335 34.5 164 0.0676
P2 184 0.0596 178 0.0506 181 0.0551
P3 205 0.0513 203 0.0478 204 0.04955
P4 243 0.0529 231 0.0473 237 0.0501
M1 279 0.068 273 0.0507 276 0.05935
M2 335 0.044 311 0.0455 323 0.04475
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Table D1
Raw data values for output bite force (OUT) and total strain energy (SE) measurements in the relaxed-constraint tet-10 dataset. Left, right, and mean values for each bite
position analysis are shown. Approximate number of FEs in each model is indicated by column labels.
507kL-OUT 507kL-SE 507kR-OUT 507kR-SE 507kMEAN-OUT 507kMEAN-SE
C1 146 0.0687 142 0.0769 144 0.0728
P1 168 0.0724 165 0.0678 166.5 0.0701
P2 181 0.0887 179 0.0697 180 0.0792
P3 204 0.0744 206 0.0632 205 0.0688
P4 235 0.0837 236 0.0602 235.5 0.07195
M1 273 0.139 279 0.0847 276 0.11185
M2 324 0.0671 319 0.0688 321.5 0.06795
541kL-OUT 541kL-SE 541kR-OUT 541kR-SE 541kMEAN-OUT 541kMEAN-SE
C1 152 0.0729 150 0.0748 151 0.07385
P1 176 0.0792 174 0.0731 175 0.07615
P2 190 0.0807 190 0.0702 190 0.07545
P3 212 0.0943 218 0.0656 215 0.07995
P4 250 0.0693 253 0.0681 251.5 0.0687
M1 284 0.148 292 0.0977 288 0.12285
M2 336 0.0686 348 0.0721 342 0.07035
707kL-OUT 707kL-SE 707kR-OUT 707kR-SE 707kMEAN-OUT 707kMEAN-SE
C1 132 0.0802 148 0.0792 140 0.0797
P1 160 0.0773 172 0.0767 166 0.077
P2 183 0.0734 176 0.091 179.5 0.0822
P3 190 0.0829 207 0.0719 198.5 0.0774
P4 210 0.0796 224 0.0807 217 0.08015
M1 219 0.0913 254 0.0872 236.5 0.08925
M2 276 0.063 302 0.0794 289 0.0712
819kL-OUT 819kL-SE 819kR-OUT 819kR-SE 819kMEAN-OUT 819kMEAN-SE
C1 142 0.0784 142 0.0765 142 0.07745
P1 165 0.0792 166 0.0754 165.5 0.0773
P2 175 0.0828 185 0.0712 180 0.077
P3 205 0.0743 197 0.0819 201 0.0781
P4 230 0.0713 223 0.0765 226.5 0.0739
M1 244 0.103 252 0.0107 248 0.05685
M2 294 0.0656 298 0.091 296 0.0783
1117kL-OUT 1117kL-SE 1117kR-OUT 1117kR-SE 1117kMEAN-OUT 1117kMEAN-SE
C1 152 0.0892 155 0.0843 153.5 0.08675
P1 172 0.0911 178 0.0847 175 0.0879
P2 199 0.0869 193 0.0845 196 0.0857
P3 209 0.088 214 0.0872 211.5 0.0876
P4 247 0.0774 234 0.0818 240.5 0.0796
M1 181 0.0894 208 0.121 194.5 0.1052
M2 261 0.0743 262 0.083 261.5 0.07865
Table E1
Raw data for principal stress and displacement values measured from the ﬁxed-constraint tet-4 dataset. Nodes correspond to landmarks shown in Figs. 4–6 in anterior-to-posterior
order. smax, maximum principal stress (in megapascal); smin, minimum principal stress (in megapascal), disp, displacement sum in x,y,z directions (in millimeters).
475k-LC 475k-LP1 475k-LP2 475k-LP3 475k-LP4 475k-LM1 475k-LM2
smax-node1 1.71Eþ00 6.54E01 2.66E01 4.39E01 9.83E01 1.41Eþ00 8.03E01
smax-node2 1.77Eþ00 3.89Eþ00 1.63Eþ00 2.05Eþ00 2.28Eþ00 2.31Eþ00 9.09E01
smax-node3 3.20Eþ00 5.89Eþ00 2.80Eþ00 3.08Eþ00 3.12Eþ00 2.93Eþ00 1.79Eþ00
smax-node4 5.15E01 9.40E01 3.74E01 2.81E01 2.69E01 6.69E01 4.58E01
smax-node5 4.23E01 3.77E01 3.21E01 3.27E01 3.58E01 6.27E01 4.50E01
smax-node6 7.77E02 7.24E02 6.28E02 7.80E02 6.79E02 5.35E02 4.95E02
smax-node7 3.60E03 3.51E03 4.90E03 3.95E03 4.32E03 5.33E03 4.89E03
smin-node1 2.98Eþ00 1.88Eþ00 1.41Eþ00 1.66Eþ00 2.01Eþ00 2.37Eþ00 1.72Eþ00
smin-node2 8.83Eþ00 6.50Eþ00 4.25Eþ00 2.01Eþ00 7.02E01 5.25E01 1.11Eþ00
smin-node3 9.72Eþ00 6.95Eþ00 5.66Eþ00 3.85Eþ00 2.56Eþ00 2.20Eþ00 2.47Eþ00
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475k-LC 475k-LP1 475k-LP2 475k-LP3 475k-LP4 475k-LM1 475k-LM2
smin-node4 7.46Eþ00 8.34Eþ00 5.88Eþ00 6.23Eþ00 5.37Eþ00 4.29Eþ00 3.72Eþ00
smin-node5 4.44Eþ00 4.58Eþ00 3.19Eþ00 3.87Eþ00 3.11Eþ00 2.27Eþ00 1.78Eþ00
smin-node6 6.73Eþ00 7.23Eþ00 7.14Eþ00 6.88Eþ00 6.91Eþ00 6.91Eþ00 7.15Eþ00
smin-node7 2.44E02 2.53E02 2.83E02 2.70E02 2.80E02 3.00E02 2.73E02
disp-node1 4.31E02 5.08E02 6.41E02 9.34E02 9.08E02 2.05E01 1.37E01
disp-node2 5.49E02 5.18E02 5.90E02 7.18E02 6.88E02 1.57E01 1.12E01
disp-node3 5.56E02 5.10E02 5.83E02 6.98E02 6.73E02 1.51E01 1.09E01
disp-node4 5.44E02 5.07E02 5.33E02 6.13E02 6.07E02 1.29E01 9.58E02
disp-node5 5.35E02 5.04E02 5.14E02 5.83E02 5.78E02 1.21E01 9.09E02
disp-node6 5.12E02 4.22E02 4.30E02 4.23E02 4.06E02 8.24E02 6.47E02
disp-node7 4.14E02 2.58E02 2.49E02 1.84E02 2.38E02 1.11E01 7.92E02
475k-RC 475k-RP1 475k-RP2 475k-RP3 475k-RP4 475k-RM1 475k-RM2
smax-node1 1.68Eþ00 7.13E01 3.33E01 2.07E01 7.90E01 1.02Eþ00 6.22E01
smax-node2 1.60Eþ00 1.22Eþ00 7.55E01 1.67E01 7.03E01 4.48E01 4.14E02
smax-node3 3.11Eþ00 2.75Eþ00 2.38Eþ00 1.67Eþ00 2.33Eþ00 1.85Eþ00 1.20Eþ00
smax-node4 4.56E01 4.29E01 4.01E01 8.09E01 5.86E01 9.93E01 1.32Eþ00
smax-node5 4.29E01 3.98E01 3.68E01 1.82Eþ00 4.24E01 6.41E01 6.73E01
smax-node6 6.45E02 6.44E02 6.14E02 3.40E02 5.25E02 5.19E02 5.04E02
smax-node7 1.24E02 1.28E02 1.31E02 1.30E02 1.51E02 1.66E02 1.80E02
smin-node1 2.63Eþ00 2.28Eþ00 2.01Eþ00 1.54Eþ00 2.12Eþ00 2.05Eþ00 1.83Eþ00
smin-node2 8.98Eþ00 7.19Eþ00 5.34Eþ00 4.30Eþ00 2.77Eþ00 2.70Eþ00 3.06Eþ00
smin-node3 9.72Eþ00 8.00Eþ00 6.28Eþ00 5.04Eþ00 3.89Eþ00 3.44Eþ00 3.41Eþ00
smin-node4 7.80Eþ00 7.54Eþ00 6.91Eþ00 3.23Eþ00 5.26Eþ00 2.95Eþ00 1.93Eþ00
smin-node5 4.19Eþ00 4.09Eþ00 3.55Eþ00 1.90E01 2.52Eþ00 1.50Eþ00 1.05Eþ00
smin-node6 6.47Eþ00 6.55Eþ00 6.63Eþ00 6.62Eþ00 6.80Eþ00 6.78Eþ00 6.84Eþ00
smin-node7 3.34E02 3.42E02 3.51E02 3.91E02 3.96E02 4.23E02 4.47E02
disp-node1 4.37E02 3.47E02 4.94E02 4.28E02 9.14E02 1.51E01 1.45E01
disp-node2 5.67E02 4.74E02 5.20E02 4.20E02 7.34E02 1.19E01 1.17E01
disp-node3 5.78E02 4.89E02 5.24E02 4.18E02 7.11E02 1.14E01 1.13E01
disp-node4 5.72E02 5.09E02 5.21E02 3.75E02 6.51E02 9.89E02 9.76E02
disp-node5 5.57E02 5.01E02 5.08E02 3.61E02 6.22E02 9.36E02 9.21E02
disp-node6 5.00E02 4.82E02 4.47E02 4.32E02 4.35E02 6.31E02 6.37E02
disp-node7 3.85E02 3.97E02 3.03E02 4.40E02 3.50E02 7.43E02 7.58E02
514k-LC 514k-LP1 514k-LP2 514k-LP3 514k-LP4 514k-LM1 514k-LM2
smax-node1 1.28Eþ00 4.61E01 8.83E02 1.95E01 6.98E01 2.10E01 6.92E01
smax-node2 1.73Eþ00 1.84Eþ00 1.80Eþ00 2.14Eþ00 2.28Eþ00 1.26E01 9.11E01
smax-node3 3.93Eþ00 3.67Eþ00 3.31Eþ00 3.28Eþ00 3.11Eþ00 2.21Eþ00 1.72Eþ00
smax-node4 4.30E01 3.62E01 3.48E01 2.65E01 2.38E01 4.14Eþ00 4.33E01
smax-node5 5.25E02 3.72E02 5.98E02 1.13E01 1.80E01 1.70Eþ01 2.42E01
smax-node6 1.13E01 1.12E01 1.16E01 1.12E01 1.04E01 1.15E01 9.61E02
smax-node7 1.94E02 1.91E02 1.89E02 1.98E02 2.20E02 3.83E02 3.04E02
smin-node1 4.00Eþ00 2.79Eþ00 2.14Eþ00 2.41Eþ00 2.73Eþ00 2.33Eþ00 2.46Eþ00
smin-node2 9.00Eþ00 7.02Eþ00 4.68Eþ00 2.11Eþ00 9.25E01 4.62Eþ00 1.12Eþ00
smin-node3 1.03Eþ01 8.73Eþ00 6.74Eþ00 4.81Eþ00 3.72Eþ00 5.30Eþ00 3.21Eþ00
smin-node4 7.34Eþ00 7.65Eþ00 7.43Eþ00 7.34Eþ00 6.80Eþ00 6.66E01 4.36Eþ00
smin-node5 3.13Eþ00 3.60Eþ00 3.32Eþ00 3.28Eþ00 3.07Eþ00 1.25E01 2.12Eþ00
smin-node6 4.14Eþ00 4.20Eþ00 4.23Eþ00 4.27Eþ00 4.28Eþ00 4.60Eþ00 4.31Eþ00
smin-node7 4.48E02 4.36E02 4.46E02 4.57E02 4.75E02 7.80E02 6.34E02
disp-node1 4.81E02 5.15E02 1.01E01 1.44E01 1.15E01 6.80E02 1.42E01
disp-node2 5.77E02 5.76E02 8.38E02 1.12E01 8.78E02 6.23E02 1.15E01
disp-node3 5.77E02 5.78E02 8.09E02 1.07E01 8.55E02 6.10E02 1.12E01
disp-node4 5.61E02 5.61E02 7.02E02 9.09E02 7.42E02 5.98E02 9.79E02
disp-node5 5.39E02 5.33E02 6.42E02 8.29E02 6.90E02 6.35E02 9.09E02
disp-node6 5.33E02 4.82E02 4.59E02 5.32E02 4.65E02 7.15E02 6.73E02
disp-node7 4.50E02 3.34E02 2.03E02 4.91E02 4.10E02 9.22E02 8.44E02
514k-RC 514k-RP1 514k-RP2 514k-RP3 514k-RP4 514k-RM1 514k-RM2
smax-node1 7.10E01 3.18E01 2.42E01 4.27E01 1.42Eþ00 1.95Eþ00 9.73E01
smax-node2 1.67Eþ00 1.29Eþ00 8.40E01 6.67E01 8.25E01 5.79E01 1.74E01
smax-node3 4.05Eþ00 3.74Eþ00 3.49Eþ00 3.51Eþ00 3.65Eþ00 2.98Eþ00 1.96Eþ00
smax-node4 3.36E01 3.05E01 2.75E01 3.17E01 6.45E01 1.52Eþ00 1.68Eþ00
smax-node5 6.73E02 5.35E02 7.00E02 1.08E01 2.52E01 6.00E01 3.41E01
smax-node6 9.12E02 9.72E02 1.02E01 1.22E01 1.49E01 1.87E01 2.06E01
smax-node7 1.07E02 1.12E02 1.20E02 1.30E02 1.38E02 1.65E02 1.54E02
smin-node1 4.53Eþ00 3.09Eþ00 2.22Eþ00 2.10Eþ00 2.31Eþ00 2.38Eþ00 1.96Eþ00
smin-node2 9.38Eþ00 7.41Eþ00 5.45Eþ00 3.58Eþ00 2.76Eþ00 2.57Eþ00 3.24Eþ00
smin-node3 1.04Eþ01 8.56Eþ00 6.77Eþ00 5.10Eþ00 4.29Eþ00 3.67Eþ00 3.87Eþ00
smin-node4 8.19Eþ00 7.80Eþ00 6.99Eþ00 5.74Eþ00 4.33Eþ00 2.21Eþ00 1.89Eþ00
smin-node5 4.04Eþ00 4.04Eþ00 3.72Eþ00 3.35Eþ00 2.98Eþ00 1.50Eþ00 1.50Eþ00
smin-node6 4.11Eþ00 4.16Eþ00 4.19Eþ00 4.24Eþ00 4.27Eþ00 4.25Eþ00 4.34Eþ00
smin-node7 4.10E02 4.24E02 4.51E02 4.79E02 5.03E02 5.80E02 5.44E02
disp-node1 4.76E02 3.76E02 5.05E02 5.47E02 1.23E01 2.24E01 2.04E01
disp-node2 5.86E02 4.85E02 5.22E02 5.02E02 9.84E02 1.74E01 1.64E01
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Table E1 (continued )
514k-RC 514k-RP1 514k-RP2 514k-RP3 514k-RP4 514k-RM1 514k-RM2
disp-node3 5.98E02 5.00E02 5.24E02 4.93E02 9.29E02 1.63E01 1.55E01
disp-node4 5.72E02 5.04E02 5.14E02 4.91E02 8.39E02 1.41E01 1.35E01
disp-node5 5.53E02 4.96E02 4.95E02 4.68E02 7.64E02 1.28E01 1.23E01
disp-node6 4.76E02 4.60E02 4.25E02 3.83E02 5.16E02 9.22E02 9.28E02
disp-node7 3.37E02 3.54E02 2.66E02 1.89E02 5.34E02 1.28E01 1.27E01
610k-LC 610k-LP1 610k-LP2 610k-LP3 610k-LP4 610k-LM1 610k-LM2
smax-node1 2.86Eþ00 1.46Eþ00 6.35E01 5.37E01 1.00Eþ00 1.45Eþ00 8.54E01
smax-node2 1.03Eþ00 5.01E01 7.53E01 6.85E01 9.79E01 1.62Eþ00 4.17E02
smax-node3 3.92Eþ00 3.21Eþ00 3.41Eþ00 3.25Eþ00 3.34Eþ00 3.24Eþ00 1.85Eþ00
smax-node4 6.31E01 7.35E01 5.24E01 4.27E01 4.03E01 5.91E01 3.93E01
smax-node5 1.88E01 1.82E01 1.09E01 1.01E01 1.55E01 5.49E01 2.96E01
smax-node6 1.50E01 1.58E01 1.44E01 1.38E01 1.36E01 1.32E01 1.24E01
smax-node7 7.05E03 7.14E03 6.77E03 7.60E03 7.64E03 1.02E02 9.71E03
smin-node1 1.73Eþ00 1.24Eþ00 8.05E01 8.37E01 1.25Eþ00 1.82Eþ00 1.21Eþ00
smin-node2 7.41Eþ00 5.63Eþ00 4.12Eþ00 2.06Eþ00 8.46E01 4.24E01 9.98E01
smin-node3 9.88Eþ00 7.84Eþ00 6.66Eþ00 4.73Eþ00 3.66Eþ00 2.77Eþ00 3.03Eþ00
smin-node4 6.70Eþ00 4.21Eþ00 7.16Eþ00 6.59Eþ00 7.11Eþ00 5.63Eþ00 4.38Eþ00
smin-node5 4.46Eþ00 2.03Eþ00 4.96Eþ00 4.20Eþ00 4.43Eþ00 2.66Eþ00 2.26Eþ00
smin-node6 3.85Eþ00 3.70Eþ00 3.96Eþ00 3.40Eþ00 4.02Eþ00 3.92Eþ00 4.09Eþ00
smin-node7 3.83E02 3.84E02 3.76E02 3.65E02 3.96E02 4.40E02 4.60E02
disp-node1 5.65E02 4.82E02 7.53E02 9.82E02 1.23E01 2.20E01 1.32E01
disp-node2 6.30E02 5.22E02 6.64E02 7.91E02 9.89E02 1.76E01 1.11E01
disp-node3 6.36E02 5.27E02 6.44E02 7.43E02 9.22E02 1.62E01 1.05E01
disp-node4 6.06E02 5.00E02 5.94E02 6.55E02 8.14E02 1.40E01 9.26E02
disp-node5 5.79E02 4.81E02 5.61E02 6.11E02 7.64E02 1.29E01 8.66E02
disp-node6 5.10E02 4.75E02 4.54E02 4.26E02 5.00E02 8.85E02 6.12E02
disp-node7 3.96E02 4.02E02 2.87E02 2.07E02 4.70E02 1.19E01 7.32E02
610k-RC 610k-RP1 610k-RP2 610k-RP3 610k-RP4 610k-RM1 610k-RM2
smax-node1 2.95Eþ00 1.36Eþ00 5.60E01 5.23E01 1.11Eþ00 1.37Eþ00 8.16E01
smax-node2 1.29Eþ00 1.55Eþ00 7.96E01 8.76E01 1.33Eþ00 1.15Eþ00 6.07E01
smax-node3 4.24Eþ00 4.18Eþ00 3.46Eþ00 3.60Eþ00 3.85Eþ00 3.08Eþ00 2.15Eþ00
smax-node4 5.76E01 4.41E01 4.43E01 5.32E01 9.34E01 2.25Eþ00 1.81Eþ00
smax-node5 2.33E01 1.09E01 1.49E01 2.09E01 4.02E01 1.18Eþ00 4.49E01
smax-node6 1.24E01 1.14E01 1.19E01 1.20E01 1.14E01 1.08E01 1.11E01
smax-node7 1.51E02 1.87E02 1.92E02 2.08E02 2.14E02 2.79E02 2.36E02
smin-node1 1.57Eþ00 1.30Eþ00 9.44E01 1.18Eþ00 1.66Eþ00 1.85Eþ00 1.41Eþ00
smin-node2 8.36Eþ00 5.99Eþ00 4.30Eþ00 2.01Eþ00 1.06Eþ00 1.11Eþ00 1.78Eþ00
smin-node3 1.05Eþ01 8.00Eþ00 6.72Eþ00 5.02Eþ00 4.34Eþ00 3.53Eþ00 3.73Eþ00
smin-node4 8.02Eþ00 5.96Eþ00 6.00Eþ00 5.37Eþ00 4.03Eþ00 1.61Eþ00 1.82Eþ00
smin-node5 5.42Eþ00 4.82Eþ00 4.04Eþ00 3.93Eþ00 3.36Eþ00 1.06Eþ00 1.53Eþ00
smin-node6 4.20Eþ00 5.05Eþ00 4.59Eþ00 4.00Eþ00 4.42Eþ00 4.84Eþ00 4.11Eþ00
smin-node7 2.92E02 2.83E02 3.21E02 2.74E02 3.01E02 3.72E02 2.80E02
disp-node1 4.25E02 4.40E02 8.74E02 6.28E02 1.28E01 2.33E01 2.11E01
disp-node2 5.22E02 4.45E02 7.77E02 5.56E02 1.01E01 1.79E01 1.71E01
disp-node3 5.36E02 4.46E02 7.51E02 5.56E02 9.55E02 1.65E01 1.60E01
disp-node4 5.19E02 4.29E02 6.80E02 5.47E02 8.67E02 1.43E01 1.40E01
disp-node5 4.97E02 4.13E02 6.33E02 5.21E02 7.99E02 1.30E01 1.29E01
disp-node6 4.02E02 3.04E02 4.01E02 3.81E02 5.31E02 9.81E02 9.48E02
disp-node7 2.81E02 2.31E02 2.99E02 1.89E02 6.50E02 1.48E01 1.29E01
770k-LC 770k-LP1 770k-LP2 770k-LP3 770k-LP4 770k-LM1 770k-LM2
smax-node1 1.96Eþ00 7.17E01 6.75E02 1.54E01 4.49E01 9.89E01 6.71E01
smax-node2 1.28Eþ00 1.57Eþ00 2.28Eþ00 1.94Eþ00 1.46Eþ00 5.55E01 5.31E01
smax-node3 2.30Eþ00 2.56Eþ00 3.43Eþ00 3.33Eþ00 2.84Eþ00 1.93Eþ00 1.61Eþ00
smax-node4 1.05Eþ00 9.58E01 8.01E01 6.67E01 5.01E01 3.42E01 4.84E01
smax-node5 1.83E01 1.65E01 1.54E01 1.45E01 1.82E01 3.08E01 2.31E01
smax-node6 1.19E01 9.88E02 1.41E01 1.27E01 9.40E02 1.75E01 2.37E01
smax-node7 2.12E02 9.55E03 1.90E02 1.13E02 1.01E02 1.03E02 2.06E02
smin-node1 3.04Eþ00 2.11Eþ00 1.45Eþ00 1.63Eþ00 1.88Eþ00 2.46Eþ00 1.98Eþ00
smin-node2 9.21Eþ00 6.84Eþ00 3.71Eþ00 1.63Eþ00 7.72E01 1.08E01 5.35E01
smin-node3 1.01Eþ01 7.86Eþ00 5.06Eþ00 3.18Eþ00 2.18Eþ00 1.44Eþ00 1.83Eþ00
smin-node4 7.55Eþ00 7.47Eþ00 8.16Eþ00 6.44Eþ00 3.58Eþ00 2.54Eþ00 3.36Eþ00
smin-node5 4.84Eþ00 4.85Eþ00 5.75Eþ00 4.16Eþ00 1.23Eþ00 1.74Eþ00 1.75Eþ00
smin-node6 4.55Eþ00 4.60Eþ00 5.66Eþ00 4.61Eþ00 4.48Eþ00 4.49Eþ00 4.61Eþ00
smin-node7 3.73E02 2.32E02 2.39E02 2.27E02 2.57E02 2.29E02 2.41E02
disp-node1 5.63E02 5.34E02 7.26E02 7.84E02 7.17E02 2.15E01 1.37E01
disp-node2 6.58E02 6.16E02 6.66E02 6.44E02 5.13E02 1.66E01 1.13E01
disp-node3 6.65E02 6.25E02 6.58E02 6.30E02 4.93E02 1.59E01 1.09E01
disp-node4 6.29E02 6.12E02 6.17E02 5.88E02 4.40E02 1.37E01 9.70E02
disp-node5 6.07E02 5.96E02 5.85E02 5.61E02 4.20E02 1.28E01 9.10E02
disp-node6 5.50E02 5.50E02 4.37E02 4.69E02 3.95E02 9.58E02 6.53E02
disp-node7 4.14E02 4.06E02 2.59E02 2.54E02 2.46E02 1.22E01 7.42E02
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770k-RC 770k-RP1 770k-RP2 770k-RP3 770k-RP4 770k-RM1 770k-RM2
smax-node1 1.28Eþ00 4.24E01 1.02E01 4.06E01 3.29E01 1.83Eþ00 8.41E01
smax-node2 1.08Eþ00 3.05E01 2.81E01 2.45E01 1.56E01 3.17E01 2.69E01
smax-node3 2.18Eþ00 4.38E01 1.26Eþ00 1.04Eþ00 3.94E01 8.59E01 3.39E01
smax-node4 8.84E01 4.85E01 8.30E01 8.63E01 9.83E01 1.68Eþ00 1.58Eþ00
smax-node5 1.43E01 7.56E02 1.37E01 1.70E01 4.00Eþ00 5.84E01 4.59E01
smax-node6 6.48E02 1.23E01 4.41E02 3.08E02 2.16E01 1.99E02 1.65E02
smax-node7 8.45E03 9.09E03 9.24E03 9.76E03 1.29E02 1.30E02 1.23E02
smin-node1 2.98Eþ00 2.39Eþ00 1.58Eþ00 1.79Eþ00 1.48Eþ00 2.26Eþ00 1.79Eþ00
smin-node2 9.16Eþ00 3.57Eþ00 5.27Eþ00 3.60Eþ00 3.57Eþ00 2.67Eþ00 3.56Eþ00
smin-node3 1.03Eþ01 3.13Eþ00 6.44Eþ00 4.97Eþ00 4.55Eþ00 3.85Eþ00 4.35Eþ00
smin-node4 8.09Eþ00 4.19Eþ00 7.14Eþ00 6.36Eþ00 1.02Eþ00 3.66Eþ00 2.76Eþ00
smin-node5 5.22Eþ00 1.70Eþ00 4.41Eþ00 3.78Eþ00 1.57E01 1.36Eþ00 9.63E01
smin-node6 4.34Eþ00 4.47Eþ00 4.41Eþ00 4.46Eþ00 5.32Eþ00 4.52Eþ00 4.49Eþ00
smin-node7 4.59E02 4.15E02 4.68E02 4.78E02 2.64E02 5.54E02 5.52E02
disp-node1 5.44E02 3.82E02 4.40E02 7.55E02 6.85E02 2.30E01 2.30E01
disp-node2 6.49E02 4.20E02 5.05E02 6.88E02 5.34E02 1.87E01 1.88E01
disp-node3 6.59E02 4.23E02 5.15E02 6.80E02 5.10E02 1.79E01 1.81E01
disp-node4 6.48E02 4.34E02 5.33E02 6.37E02 3.84E02 1.52E01 1.53E01
disp-node5 6.25E02 4.26E02 5.23E02 6.07E02 3.46E02 1.41E01 1.42E01
disp-node6 5.31E02 4.27E02 4.81E02 4.49E02 3.13E02 9.65E02 1.03E01
disp-node7 3.74E02 3.38E02 3.50E02 2.25E02 1.71E02 1.25E01 1.36E01
1060k-LC 1060k-LP1 1060k-LP2 1060k-LP3 1060k-LP4 1060k-LM1 1060k-LM2
smax-node1 1.97Eþ00 5.71E01 5.81E02 3.03E02 6.94E01 1.06Eþ00 5.06E01
smax-node2 2.34Eþ00 2.26Eþ00 2.66Eþ00 2.28Eþ00 2.38Eþ00 1.80Eþ00 7.20E01
smax-node3 4.39Eþ00 4.17Eþ00 4.32Eþ00 3.88Eþ00 3.69Eþ00 3.06Eþ00 2.18Eþ00
smax-node4 3.34E01 2.67E01 1.70E01 1.17E01 9.97E02 1.44E01 2.36E01
smax-node5 8.63E02 8.97E02 1.21E01 1.41E01 2.66E01 4.91E01 4.28E01
smax-node6 8.49E02 1.03E01 1.18E01 1.08E01 1.38E01 1.48E01 1.63E01
smax-node7 6.16E03 5.71E03 4.17E02 8.25E03 1.08E02 1.26E02 1.19E02
smin-node1 2.05Eþ00 1.59Eþ00 1.48Eþ00 1.78Eþ00 2.41Eþ00 2.73Eþ00 2.09Eþ00
smin-node2 9.52Eþ00 7.18Eþ00 4.77Eþ00 2.36Eþ00 8.85E01 4.92E01 1.36Eþ00
smin-node3 1.04Eþ01 8.62Eþ00 7.11Eþ00 4.91Eþ00 3.47Eþ00 2.71Eþ00 3.09Eþ00
smin-node4 7.76Eþ00 7.56Eþ00 9.76Eþ00 7.17Eþ00 6.23Eþ00 4.42Eþ00 3.57Eþ00
smin-node5 4.38Eþ00 4.24Eþ00 6.24Eþ00 3.83Eþ00 2.91Eþ00 1.65Eþ00 1.26Eþ00
smin-node6 5.01Eþ00 5.38Eþ00 6.98Eþ00 5.13Eþ00 5.14Eþ00 5.28Eþ00 5.28Eþ00
smin-node7 3.16E02 3.65E02 8.97E02 3.56E02 3.93E02 4.71E02 4.07E02
disp-node1 6.79E02 4.97E02 6.94E02 8.40E02 6.58E02 2.48E01 1.70E01
disp-node2 7.74E02 5.76E02 6.65E02 7.26E02 5.16E02 1.88E01 1.36E01
disp-node3 7.79E02 5.84E02 6.63E02 7.18E02 5.14E02 1.79E01 1.31E01
disp-node4 7.69E02 5.80E02 6.44E02 6.80E02 5.07E02 1.53E01 1.14E01
disp-node5 7.53E02 5.67E02 6.22E02 6.58E02 5.05E02 1.43E01 1.08E01
disp-node6 7.45E02 5.57E02 5.07E02 5.73E02 5.02E02 1.02E01 7.77E02
disp-node7 6.65E02 4.38E02 2.63E02 3.51E02 3.49E02 1.35E01 9.35E02
1060k-RC 1060k-RP1 1060k-RP2 1060k-RP3 1060k-RP4 1060k-RM1 1060k-RM2
smax-node1 5.81E01 2.87E01 1.49E01 6.42E02 1.45Eþ00 2.11Eþ00 8.09E01
smax-node2 3.03Eþ00 1.84Eþ00 1.39Eþ00 1.53E01 1.37Eþ00 1.03Eþ00 2.83E01
smax-node3 4.53Eþ00 3.92Eþ00 3.53Eþ00 2.44Eþ00 2.89Eþ00 2.64Eþ00 1.73Eþ00
smax-node4 2.81E01 2.55E01 2.58E01 2.62E01 5.30E01 1.46Eþ00 1.70Eþ00
smax-node5 1.62E01 6.12E02 5.23E02 1.87Eþ00 1.24E01 7.00E01 8.53E01
smax-node6 1.22E01 7.64E02 7.05E02 9.30E02 6.64E02 2.13E02 8.71E03
smax-node7 3.76E03 4.94E03 5.41E03 8.24E03 7.01E03 9.80E03 6.22E03
smin-node1 2.31Eþ00 2.19Eþ00 1.36Eþ00 1.16Eþ00 1.79Eþ00 2.04Eþ00 1.40Eþ00
smin-node2 8.23Eþ00 7.70Eþ00 5.58Eþ00 4.12Eþ00 2.29Eþ00 2.36Eþ00 3.06Eþ00
smin-node3 9.38Eþ00 8.72Eþ00 7.06Eþ00 5.05Eþ00 4.29Eþ00 3.86Eþ00 3.88Eþ00
smin-node4 8.69Eþ00 8.10Eþ00 7.43Eþ00 1.38Eþ00 4.21Eþ00 2.21Eþ00 1.40Eþ00
smin-node5 4.14Eþ00 4.54Eþ00 4.14Eþ00 1.53E01 2.12Eþ00 1.03Eþ00 4.49E01
smin-node6 4.84Eþ00 5.00Eþ00 5.05Eþ00 5.16Eþ00 5.65Eþ00 5.07Eþ00 3.75Eþ00
smin-node7 3.24E02 3.50E02 3.68E02 4.52E02 4.49E02 4.89E02 3.56E02
disp-node1 4.14E02 3.67E02 6.28E02 4.05E02 6.76E02 2.82E01 1.67E01
disp-node2 5.95E02 5.23E02 6.47E02 3.78E02 5.91E02 2.16E01 1.38E01
disp-node3 6.19E02 5.42E02 6.50E02 3.76E02 5.87E02 2.05E01 1.33E01
disp-node4 6.47E02 5.66E02 6.39E02 3.56E02 5.90E02 1.77E01 1.16E01
disp-node5 6.55E02 5.65E02 6.20E02 3.53E02 5.71E02 1.65E01 1.09E01
disp-node6 7.09E02 5.80E02 5.26E02 4.29E02 4.82E02 1.15E01 7.34E02
disp-node7 7.50E02 5.10E02 3.17E02 3.67E02 2.46E02 1.54E01 6.66E02
1322k-LC 1322k-LP1 1322k-LP2 1322k-LP3 1322k-LP4 1322k-LM1 1322k-LM2
smax-node1 5.16Eþ00 3.56Eþ00 1.33Eþ00 8.58E01 1.18Eþ00 1.06Eþ00 7.93E01
smax-node2 2.17Eþ00 1.22Eþ00 1.49Eþ00 9.98E01 2.08Eþ00 1.12Eþ00 3.37E01
smax-node3 3.76Eþ00 2.25Eþ00 3.16Eþ00 2.59Eþ00 3.79Eþ00 2.60Eþ00 1.70Eþ00
smax-node4 8.27E01 8.60E01 5.53E01 3.22E01 4.92E01 5.09E01 5.39E01
smax-node5 4.50E01 3.52E01 2.22E01 1.37E01 3.19E01 3.89E01 5.19E01
smax-node6 1.03E01 1.12E01 1.28E01 1.07E01 1.12E01 1.17E01 3.23E02
smax-node7 4.33E03 5.19E03 9.67E03 3.08E03 4.80E03 7.44E03 4.64E03
smin-node1 1.20Eþ00 1.25Eþ00 6.53E01 6.92E01 1.18Eþ00 1.21Eþ00 8.54E01
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Table E1 (continued )
1322k-LC 1322k-LP1 1322k-LP2 1322k-LP3 1322k-LP4 1322k-LM1 1322k-LM2
smin-node2 9.36Eþ00 3.66Eþ00 4.39Eþ00 2.35Eþ00 7.72E01 5.31E01 1.60Eþ00
smin-node3 1.02Eþ01 5.01Eþ00 5.74Eþ00 3.89Eþ00 2.78Eþ00 2.05Eþ00 2.74Eþ00
smin-node4 7.32Eþ00 6.32Eþ00 4.98Eþ00 4.17Eþ00 6.28Eþ00 2.24Eþ00 1.99Eþ00
smin-node5 4.38Eþ00 3.92Eþ00 2.73Eþ00 2.63Eþ00 3.65Eþ00 9.51E01 5.11E01
smin-node6 8.02Eþ00 9.09Eþ00 9.41Eþ00 8.12Eþ00 8.16Eþ00 8.69Eþ00 3.90Eþ00
smin-node7 3.21E02 3.70E02 4.55E02 3.50E02 3.06E02 3.82E02 4.62E02
disp-node1 5.12E02 6.17E02 7.80E02 6.97E02 1.17E01 1.38E01 1.02E01
disp-node2 6.50E02 5.69E02 6.82E02 5.97E02 8.98E02 1.03E01 8.62E02
disp-node3 6.62E02 5.65E02 6.67E02 5.86E02 8.62E02 9.85E02 8.35E02
disp-node4 6.49E02 5.28E02 5.95E02 5.54E02 7.74E02 8.51E02 7.37E02
disp-node5 6.35E02 4.97E02 5.61E02 5.37E02 7.33E02 8.01E02 6.96E02
disp-node6 5.88E02 3.70E02 4.13E02 4.85E02 5.10E02 5.96E02 4.94E02
disp-node7 4.32E02 1.44E02 1.78E02 3.10E02 3.71E02 7.06E02 2.31E02
1322k-RC 1322k-RP1 1322k-RP2 1322k-RP3 1322k-RP4 1322k-RM1 1322k-RM2
smax-node1 5.28Eþ00 2.45Eþ00 1.21Eþ00 8.88E01 1.22Eþ00 1.63Eþ00 1.03Eþ00
smax-node2 2.24Eþ00 1.60Eþ00 1.20Eþ00 8.70E01 8.58E01 8.68E01 2.86E01
smax-node3 3.87Eþ00 3.05Eþ00 2.61Eþ00 2.22Eþ00 2.01Eþ00 1.84Eþ00 1.07Eþ00
smax-node4 7.16E01 6.82E01 7.69E01 6.19E01 8.48E01 1.38Eþ00 1.58Eþ00
smax-node5 5.42E01 4.31E01 2.80E01 3.76E01 4.77E01 9.04E01 6.12E01
smax-node6 1.26E01 9.90E02 1.11E01 9.82E02 1.04E01 8.03E02 7.23E02
smax-node7 1.33E02 5.56E03 7.13E03 6.08E03 8.21E03 7.71E03 8.70E03
smin-node1 1.57Eþ00 1.05Eþ00 7.38E01 7.25E01 1.08Eþ00 1.50Eþ00 1.00Eþ00
smin-node2 9.97Eþ00 7.27Eþ00 5.30Eþ00 3.06Eþ00 2.02Eþ00 1.67Eþ00 2.41Eþ00
smin-node3 1.07Eþ01 8.21Eþ00 6.60Eþ00 4.90Eþ00 3.89Eþ00 3.55Eþ00 3.77Eþ00
smin-node4 9.00Eþ00 7.46Eþ00 5.92Eþ00 5.97Eþ00 3.43Eþ00 3.00Eþ00 2.21Eþ00
smin-node5 5.27Eþ00 4.11Eþ00 2.12Eþ00 3.06Eþ00 1.56Eþ00 1.41Eþ00 1.22Eþ00
smin-node6 9.71Eþ00 7.96Eþ00 8.96Eþ00 8.09Eþ00 8.74Eþ00 7.92Eþ00 8.02Eþ00
smin-node7 4.38E02 4.19E02 4.24E02 4.28E02 4.52E02 4.48E02 4.83E02
disp-node1 5.89E02 4.84E02 8.02E02 1.03E01 1.57E01 2.90E01 2.31E01
disp-node2 6.68E02 5.79E02 6.95E02 8.47E02 1.20E01 2.21E01 1.84E01
disp-node3 6.69E02 5.89E02 6.83E02 8.31E02 1.16E01 2.12E01 1.77E01
disp-node4 6.29E02 5.88E02 6.20E02 7.58E02 1.01E01 1.81E01 1.54E01
disp-node5 6.00E02 5.75E02 5.85E02 7.16E02 9.39E02 1.69E01 1.44E01
disp-node6 4.55E02 5.29E02 4.36E02 4.95E02 6.34E02 1.15E01 1.04E01
disp-node7 1.99E02 3.71E02 2.75E02 2.73E02 7.64E02 1.57E01 1.39E01
3806k-LC 3806k-LP1 3806k-LP2 3806k-LP3 3806k-LP4 3806k-LM1 3806k-LM2
smax-node1 2.16Eþ00 6.54E01 4.81E02 3.17E01 1.05Eþ00 1.49Eþ00 6.47E01
smax-node2 5.24E01 5.50E01 3.06E01 3.07E01 2.76E01 4.51E01 6.92E03
smax-node3 2.21Eþ00 2.13Eþ00 2.02Eþ00 2.08Eþ00 2.32Eþ00 2.09Eþ00 7.64E01
smax-node4 8.73Eþ00 8.09Eþ00 7.24Eþ00 6.49Eþ00 5.34Eþ00 4.24Eþ00 3.66Eþ00
smax-node5 2.47E01 2.38E01 2.09E01 2.92E01 3.30E01 6.18E01 4.65E01
smax-node6 6.66E01 6.55E01 5.88E01 5.96E01 6.48E01 6.54E01 7.04E01
smax-node7 1.81E02 1.74E02 9.71E03 1.83E02 1.56E02 1.00E02 1.39E02
smin-node1 1.88Eþ00 1.43Eþ00 1.27Eþ00 2.04Eþ00 2.85Eþ00 3.18Eþ00 2.19Eþ00
smin-node2 9.45Eþ00 7.25Eþ00 4.55Eþ00 2.47Eþ00 4.11E01 2.60E01 1.05Eþ00
smin-node3 1.00Eþ01 7.43Eþ00 4.32Eþ00 2.12Eþ00 3.68E01 1.08E01 1.01Eþ00
smin-node4 8.19Eþ00 7.35Eþ00 6.43Eþ00 5.76Eþ00 4.40Eþ00 3.47Eþ00 3.51Eþ00
smin-node5 5.63Eþ00 5.33Eþ00 4.36Eþ00 4.15Eþ00 3.04Eþ00 1.60Eþ00 1.17Eþ00
smin-node6 8.85Eþ00 8.35Eþ00 8.27Eþ00 8.51Eþ00 7.96Eþ00 8.30Eþ00 8.73Eþ00
smin-node7 7.90E02 9.10E02 3.75E02 5.10E02 5.01E02 7.57E02 1.13E01
disp-node1 5.51E02 7.22E02 9.57E02 1.21E01 1.70E01 3.54E01 2.21E01
disp-node2 7.14E02 8.12E02 9.36E02 1.05E01 1.43E01 2.90E01 1.88E01
disp-node3 7.41E02 8.24E02 9.21E02 1.01E01 1.35E01 2.71E01 1.78E01
disp-node4 7.57E02 8.26E02 8.91E02 9.40E02 1.23E01 2.39E01 1.59E01
disp-node5 7.54E02 8.10E02 8.44E02 8.64E02 1.10E01 2.11E01 1.41E01
disp-node6 7.65E02 7.58E02 7.15E02 6.69E02 7.00E02 1.41E01 9.65E02
disp-node7 6.75E02 6.03E02 4.79E02 3.40E02 5.98E02 1.91E01 1.12E01
3806k-RC 3806k-RP1 3806k-RP2 3806k-RP3 3806k-RP4 3806k-RM1 3806k-RM2
smax-node1 2.32Eþ00 1.04Eþ00 1.29E01 4.77E02 7.04E01 1.19Eþ00 9.06E01
smax-node2 1.54Eþ00 1.24Eþ00 9.11E01 9.55E01 8.28E01 9.28E02 2.54E02
smax-node3 3.28Eþ00 2.78Eþ00 2.38Eþ00 2.36Eþ00 2.28Eþ00 1.52Eþ00 8.78E01
smax-node4 5.09Eþ00 4.78Eþ00 4.27Eþ00 3.59Eþ00 2.76Eþ00 1.98Eþ00 7.23E01
smax-node5 6.21E02 5.54E02 5.96E02 7.23E02 9.35E02 1.18E01 1.39E01
smax-node6 3.93E02 7.30E02 8.98E02 1.19E01 1.03E01 2.64E02 2.57E02
smax-node7 4.89E03 5.40E03 1.79E02 1.77E02 2.17E02 2.02E02 2.43E02
smin-node1 2.55Eþ00 2.21Eþ00 1.65Eþ00 1.05Eþ00 1.14Eþ00 1.29Eþ00 1.22Eþ00
smin-node2 8.05Eþ00 6.35Eþ00 4.36Eþ00 1.69Eþ00 6.86E01 1.37Eþ00 1.56Eþ00
smin-node3 9.63Eþ00 7.70Eþ00 5.72Eþ00 3.14Eþ00 2.35Eþ00 3.07Eþ00 3.01Eþ00
smin-node4 5.72Eþ00 5.91Eþ00 6.09Eþ00 6.31Eþ00 6.35Eþ00 5.39Eþ00 4.22Eþ00
smin-node5 3.83Eþ00 3.83Eþ00 3.53Eþ00 3.53Eþ00 3.24Eþ00 1.87Eþ00 1.03Eþ00
smin-node6 6.23Eþ00 6.52Eþ00 7.26Eþ00 7.97Eþ00 7.20Eþ00 5.98Eþ00 5.81Eþ00
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Appendix F
See Table F1.
Table E1 (continued )
3806k-RC 3806k-RP1 3806k-RP2 3806k-RP3 3806k-RP4 3806k-RM1 3806k-RM2
smin-node7 1.07E01 9.33E02 1.19E01 1.71E01 1.45E01 1.27E01 1.51E01
disp-node1 7.06E02 5.99E02 8.16E02 8.10E02 1.04E01 1.38E01 1.13E01
disp-node2 8.88E02 7.72E02 8.62E02 7.73E02 8.77E02 1.11E01 9.45E02
disp-node3 9.10E02 7.99E02 8.69E02 7.73E02 8.56E02 1.06E01 9.15E02
disp-node4 9.40E02 8.52E02 8.80E02 7.81E02 8.16E02 9.39E02 8.28E02
disp-node5 9.19E02 8.49E02 8.48E02 7.54E02 7.67E02 8.46E02 7.61E02
disp-node6 8.78E02 8.57E02 7.65E02 6.90E02 6.17E02 5.48E02 5.35E02
disp-node7 8.04E02 8.31E02 6.06E02 5.29E02 3.73E02 2.15E02 2.55E02
Table F1
Raw data for principal stress and displacement values measured from the relaxed-constraint tet-4 dataset. Nodes correspond to landmarks shown in Figs. 4–6 in anterior-to-
posterior order. smax, maximum principal stress (in megapascal); smin, minimum principal stress (in megapascal), disp, displacement sum in x,y,z directions (in
millimeters).
475k-LC 475k-LP1 475k-LP2 475k-LP3 475k-LP4 475k-LM1 475k-LM2
smax-node1 3.02Eþ00 9.46E01 2.88E01 2.88E01 8.15E01 1.14Eþ00 1.12Eþ00
smax-node2 5.64E01 4.90E01 4.96E01 4.15E01 5.78E01 2.40E01 5.37E02
smax-node3 2.21Eþ00 2.01Eþ00 1.98Eþ00 2.05Eþ00 2.32Eþ00 1.89Eþ00 9.52E01
smax-node4 3.20Eþ00 2.90Eþ00 2.68Eþ00 2.33Eþ00 1.92Eþ00 1.36Eþ00 8.28E01
smax-node5 4.79E01 4.27E01 3.92E01 3.43E01 3.62E01 4.17E01 6.20E01
smax-node6 1.01E01 1.01E01 1.01E01 1.00E01 9.77E02 9.75E02 9.94E02
smax-node7 6.17E03 6.52E03 6.71E03 7.01E03 7.44E03 8.11E03 8.91E03
smin-node1 3.95Eþ00 2.24Eþ00 1.29Eþ00 1.32Eþ00 1.73Eþ00 1.97Eþ00 2.10Eþ00
smin-node2 9.92Eþ00 7.09Eþ00 5.10Eþ00 2.78Eþ00 1.12Eþ00 4.87E01 8.43E01
smin-node3 1.08Eþ01 7.68Eþ00 5.49Eþ00 3.04Eþ00 1.53Eþ00 9.91E01 8.50E01
smin-node4 7.47Eþ00 7.22Eþ00 7.12Eþ00 6.87Eþ00 6.49Eþ00 5.38Eþ00 3.81Eþ00
smin-node5 5.55Eþ00 5.20Eþ00 4.96Eþ00 4.45Eþ00 3.76Eþ00 2.67Eþ00 1.44Eþ00
smin-node6 7.01Eþ00 7.10Eþ00 7.16Eþ00 7.25Eþ00 7.30Eþ00 7.34Eþ00 7.44Eþ00
smin-node7 4.14E02 4.19E02 4.25E02 4.36E02 4.56E02 4.72E02 4.88E02
disp-node1 9.54E02 7.32E02 9.02E02 8.75E02 8.78E02 2.05E01 1.60E01
disp-node2 9.54E02 7.25E02 8.40E02 7.81E02 7.57E02 1.71E01 1.32E01
disp-node3 9.36E02 7.17E02 8.16E02 7.54E02 7.26E02 1.60E01 1.23E01
disp-node4 8.46E02 6.73E02 7.50E02 6.98E02 6.70E02 1.37E01 1.05E01
disp-node5 7.81E02 6.33E02 6.99E02 6.54E02 6.32E02 1.26E01 9.64E02
disp-node6 5.44E02 4.94E02 5.03E02 4.76E02 4.55E02 8.74E02 6.86E02
disp-node7 3.00E02 2.54E02 2.84E02 2.83E02 3.12E02 1.16E01 8.75E02
475k-RC 475k-RP1 475k-RP2 475k-RP3 475k-RP4 475k-RM1 475k-RM2
smax-node1 3.09Eþ00 4.99Eþ00 4.69E01 2.42E01 3.61E01 6.47E01 6.94E01
smax-node2 6.09E01 3.92Eþ00 3.37E01 2.52E01 2.89E01 1.63E01 3.08E02
smax-node3 2.23Eþ00 2.95Eþ00 1.55Eþ00 1.45Eþ00 1.49Eþ00 1.19Eþ00 7.05E01
smax-node4 3.03Eþ00 7.73Eþ00 2.62Eþ00 2.42Eþ00 2.37Eþ00 2.29Eþ00 2.30Eþ00
smax-node5 4.91E01 1.53Eþ00 3.97E01 3.47E01 3.48E01 4.31E01 8.24E01
smax-node6 8.51E02 1.04Eþ00 8.93E02 9.33E02 9.88E02 1.05E01 1.10E01
smax-node7 1.56E02 1.00E01 1.72E02 1.89E02 2.12E02 2.37E02 2.54E02
smin-node1 3.27Eþ00 7.15Eþ00 2.20Eþ00 1.81Eþ00 1.85Eþ00 1.88Eþ00 1.87Eþ00
smin-node2 9.53Eþ00 6.43Eþ00 5.47Eþ00 3.24Eþ00 2.13Eþ00 1.64Eþ00 1.69Eþ00
smin-node3 1.10Eþ01 2.32Eþ00 6.21Eþ00 3.87Eþ00 2.88Eþ00 2.47Eþ00 2.38Eþ00
smin-node4 7.59Eþ00 3.65Eþ00 6.68Eþ00 5.83Eþ00 4.81Eþ00 3.48Eþ00 2.46Eþ00
smin-node5 5.35Eþ00 1.82Eþ00 4.65Eþ00 4.00Eþ00 3.19Eþ00 1.87Eþ00 9.10E01
smin-node6 6.76Eþ00 3.08Eþ00 6.91Eþ00 7.00Eþ00 7.04Eþ00 7.06Eþ00 7.13Eþ00
smin-node7 2.79E02 1.77E01 2.89E02 3.00E02 3.10E02 3.26E02 3.43E02
disp-node1 8.66E02 5.60Eþ09 5.02E02 4.60E02 7.66E02 1.47E01 1.47E01
disp-node2 9.12E02 4.75Eþ09 5.54E02 4.78E02 7.03E02 1.26E01 1.25E01
disp-node3 9.08E02 4.43Eþ09 5.64E02 4.80E02 6.77E02 1.18E01 1.17E01
disp-node4 8.38E02 3.66Eþ09 5.72E02 5.00E02 6.40E02 1.04E01 1.03E01
disp-node5 7.82E02 3.24Eþ09 5.53E02 4.87E02 5.99E02 9.50E02 9.34E02
disp-node6 5.34E02 1.84Eþ09 4.52E02 4.21E02 4.44E02 6.55E02 6.59E02
disp-node7 2.88E02 2.72Eþ09 2.27E02 2.16E02 2.58E02 7.27E02 7.61E02
514k-LC 514k-LP1 514k-LP2 514k-LP3 514k-LP4 514k-LM1 514k-LM2
smax-node1 2.83Eþ00 6.95E01 1.18E01 8.70E02 5.41E01 1.15Eþ00 1.17Eþ00
smax-node2 2.12Eþ00 2.04Eþ00 1.91Eþ00 2.08Eþ00 2.13Eþ00 2.03Eþ00 8.28E01
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514k-LC 514k-LP1 514k-LP2 514k-LP3 514k-LP4 514k-LM1 514k-LM2
smax-node3 4.42Eþ00 3.84Eþ00 3.45Eþ00 3.31Eþ00 3.03Eþ00 2.67Eþ00 1.59Eþ00
smax-node4 4.35E01 3.74E01 3.30E01 2.39E01 2.15E01 3.62E01 6.43E01
smax-node5 3.58E02 3.28E02 3.21E02 6.42E02 1.51E01 3.12E01 7.24E01
smax-node6 1.19E01 1.17E01 1.17E01 1.11E01 1.03E01 9.67E02 9.58E02
smax-node7 1.51E02 1.64E02 1.74E02 1.95E02 2.24E02 2.55E02 2.84E02
smin-node1 5.35Eþ00 3.03Eþ00 2.14Eþ00 2.10Eþ00 2.60Eþ00 2.89Eþ00 3.01Eþ00
smin-node2 1.11Eþ01 7.67Eþ00 5.40Eþ00 2.58Eþ00 1.10Eþ00 5.03E01 6.65E01
smin-node3 1.23Eþ01 9.31Eþ00 7.43Eþ00 5.30Eþ00 3.86Eþ00 2.98Eþ00 2.53Eþ00
smin-node4 8.91Eþ00 8.45Eþ00 8.07Eþ00 7.60Eþ00 6.64Eþ00 5.47Eþ00 3.19Eþ00
smin-node5 4.63Eþ00 4.35Eþ00 4.12Eþ00 3.75Eþ00 3.05Eþ00 2.18Eþ00 1.00Eþ00
smin-node6 4.19Eþ00 4.23Eþ00 4.26Eþ00 4.29Eþ00 4.28Eþ00 4.25Eþ00 4.26Eþ00
smin-node7 3.55E02 3.86E02 4.08E02 4.42E02 4.80E02 5.21E02 5.82E02
disp-node1 1.12E01 7.93E02 9.83E02 1.36E01 1.09E01 2.17E01 1.76E01
disp-node2 1.06E01 7.50E02 8.69E02 1.12E01 8.62E02 1.69E01 1.34E01
disp-node3 1.03E01 7.36E02 8.47E02 1.08E01 8.42E02 1.63E01 1.29E01
disp-node4 8.96E02 6.68E02 7.54E02 9.46E02 7.42E02 1.39E01 1.09E01
disp-node5 8.15E02 6.19E02 6.93E02 8.66E02 6.90E02 1.28E01 1.01E01
disp-node6 5.34E02 4.75E02 4.81E02 5.69E02 4.67E02 9.15E02 7.36E02
disp-node7 3.29E02 2.38E02 2.65E02 5.63E02 4.11E02 1.26E01 9.94E02
514k-RC 514k-RP1 514k-RP2 514k-RP3 514k-RP4 514k-RM1 514k-RM2
smax-node1 1.68Eþ00 5.10E01 2.90E01 2.77E01 7.42E01 1.22Eþ00 1.08Eþ00
smax-node2 2.21Eþ00 1.59Eþ00 1.20Eþ00 9.08E01 8.41E01 6.42E01 1.01E01
smax-node3 4.48Eþ00 3.93Eþ00 3.70Eþ00 3.70Eþ00 3.55Eþ00 3.02Eþ00 1.62Eþ00
smax-node4 3.53E01 3.12E01 2.99E01 3.31E01 5.06E01 9.94E01 2.29Eþ00
smax-node5 4.05E02 2.59E02 1.89E02 2.81E02 1.04E01 2.53E01 6.59E01
smax-node6 8.92E02 9.53E02 1.03E01 1.26E01 1.60E01 1.99E01 2.18E01
smax-node7 8.58E03 9.58E03 1.03E02 1.17E02 1.34E02 1.52E02 1.74E02
smin-node1 6.23Eþ00 3.88Eþ00 2.60Eþ00 1.96Eþ00 2.05Eþ00 2.08Eþ00 2.05Eþ00
smin-node2 1.13Eþ01 8.27Eþ00 6.40Eþ00 4.09Eþ00 3.20Eþ00 2.93Eþ00 3.11Eþ00
smin-node3 1.23Eþ01 9.40Eþ00 7.64Eþ00 5.56Eþ00 4.59Eþ00 4.03Eþ00 3.59Eþ00
smin-node4 9.62Eþ00 8.84Eþ00 8.28Eþ00 6.92Eþ00 5.08Eþ00 3.08Eþ00 1.33Eþ00
smin-node5 5.49Eþ00 5.15Eþ00 4.91Eþ00 4.26Eþ00 3.35Eþ00 2.16Eþ00 7.79E01
smin-node6 4.15Eþ00 4.20Eþ00 4.23Eþ00 4.28Eþ00 4.30Eþ00 4.30Eþ00 4.32Eþ00
smin-node7 3.43E02 3.75E02 3.97E02 4.40E02 4.87E02 5.39E02 6.04E02
disp-node1 9.64E02 4.69E02 5.58E02 5.43E02 1.22E01 2.28E01 2.13E01
disp-node2 9.75E02 5.69E02 5.95E02 5.37E02 1.03E01 1.82E01 1.69E01
disp-node3 9.65E02 5.81E02 5.98E02 5.31E02 9.80E02 1.73E01 1.60E01
disp-node4 8.63E02 5.69E02 5.82E02 5.27E02 8.79E02 1.49E01 1.38E01
disp-node5 8.00E02 5.49E02 5.56E02 5.03E02 8.06E02 1.36E01 1.26E01
disp-node6 5.17E02 4.34E02 4.20E02 3.92E02 5.43E02 9.90E02 9.37E02
disp-node7 3.55E02 2.43E02 2.17E02 1.97E02 5.64E02 1.36E01 1.29E01
610k-LC 610k-LP1 610k-LP2 610k-LP3 610k-LP4 610k-LM1 610k-LM2
smax-node1 4.49Eþ00 2.05Eþ00 7.65E01 4.59E01 8.75E01 1.21Eþ00 1.19Eþ00
smax-node2 1.56Eþ00 1.20Eþ00 9.18E01 8.83E01 8.07E01 6.38E01 3.65E02
smax-node3 4.45Eþ00 3.88Eþ00 3.54Eþ00 3.45Eþ00 3.17Eþ00 2.78Eþ00 1.79Eþ00
smax-node4 6.66E01 6.01E01 5.43E01 4.54E01 3.71E01 3.77E01 4.47E01
smax-node5 1.83E01 1.42E01 1.13E01 9.04E02 1.33E01 2.64E01 6.07E01
smax-node6 1.51E01 1.47E01 1.44E01 1.40E01 1.35E01 1.31E01 1.25E01
smax-node7 5.94E03 6.21E03 6.45E03 6.99E03 7.97E03 8.90E03 9.67E03
smin-node1 2.49Eþ00 1.44Eþ00 8.60E01 6.78E01 1.17Eþ00 1.47Eþ00 1.61Eþ00
smin-node2 9.48Eþ00 6.65Eþ00 4.61Eþ00 2.37Eþ00 9.84E01 4.67E01 6.41E01
smin-node3 1.21Eþ01 9.24Eþ00 7.20Eþ00 5.19Eþ00 3.71Eþ00 2.95Eþ00 2.45Eþ00
smin-node4 8.33Eþ00 7.95Eþ00 7.71Eþ00 7.45Eþ00 6.72Eþ00 5.71Eþ00 3.63Eþ00
smin-node5 6.26Eþ00 5.85Eþ00 5.53Eþ00 5.01Eþ00 4.10Eþ00 3.13Eþ00 1.79Eþ00
smin-node6 3.92Eþ00 3.96Eþ00 4.00Eþ00 4.03Eþ00 4.02Eþ00 3.99Eþ00 4.01Eþ00
smin-node7 3.79E02 3.76E02 3.77E02 3.86E02 4.03E02 4.19E02 4.23E02
disp-node1 1.40E01 8.41E02 7.77E02 9.29E02 1.19E01 2.17E01 1.60E01
disp-node2 1.29E01 7.89E02 7.05E02 7.99E02 9.85E02 1.75E01 1.27E01
disp-node3 1.23E01 7.71E02 6.87E02 7.64E02 9.23E02 1.62E01 1.17E01
disp-node4 1.08E01 7.05E02 6.37E02 6.96E02 8.20E02 1.40E01 1.00E01
disp-node5 9.88E02 6.60E02 6.01E02 6.54E02 7.67E02 1.30E01 9.33E02
disp-node6 5.93E02 4.75E02 4.56E02 4.40E02 4.98E02 9.02E02 6.58E02
disp-node7 4.82E02 2.50E02 2.55E02 2.55E02 4.72E02 1.21E01 8.41E02
610k-RC 610k-RP1 610k-RP2 610k-RP3 610k-RP4 610k-RM1 610k-RM2
smax-node1 4.66Eþ00 2.03Eþ00 7.77E01 3.94E01 6.41E01 9.17E01 8.65E01
smax-node2 1.51Eþ00 1.38Eþ00 1.08Eþ00 1.14Eþ00 1.22Eþ00 1.16Eþ00 3.91E01
smax-node3 4.45Eþ00 3.97Eþ00 3.62Eþ00 3.75Eþ00 3.58Eþ00 3.15Eþ00 1.86Eþ00
smax-node4 5.97E01 5.62E01 5.12E01 5.56E01 6.97E01 1.13Eþ00 2.16Eþ00
smax-node5 2.06E01 1.70E01 1.39E01 1.29E01 1.76E01 3.18E01 7.55E01
smax-node6 1.31E01 1.27E01 1.25E01 1.21E01 1.18E01 1.17E01 1.13E01
smax-node7 1.57E02 1.67E02 1.69E02 1.89E02 2.11E02 2.34E02 2.46E02
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Table F1 (continued )
610k-RC 610k-RP1 610k-RP2 610k-RP3 610k-RP4 610k-RM1 610k-RM2
smin-node1 2.28Eþ00 1.55Eþ00 1.16Eþ00 9.83E01 1.28Eþ00 1.47Eþ00 1.47Eþ00
smin-node2 9.63Eþ00 7.01Eþ00 4.94Eþ00 2.52Eþ00 1.59Eþ00 1.38Eþ00 1.77Eþ00
smin-node3 1.17Eþ01 9.18Eþ00 7.29Eþ00 5.44Eþ00 4.49Eþ00 3.99Eþ00 3.51Eþ00
smin-node4 8.97Eþ00 8.21Eþ00 7.66Eþ00 6.41Eþ00 4.62Eþ00 2.96Eþ00 1.41Eþ00
smin-node5 6.55Eþ00 6.11Eþ00 5.70Eþ00 5.00Eþ00 3.88Eþ00 2.59Eþ00 9.44E01
smin-node6 3.87Eþ00 3.93Eþ00 3.97Eþ00 4.03Eþ00 4.06Eþ00 4.07Eþ00 4.09Eþ00
smin-node7 2.67E02 2.64E02 2.64E02 2.64E02 2.69E02 2.76E02 2.86E02
disp-node1 7.20E02 5.19E02 8.52E02 6.42E02 1.28E01 2.37E01 2.18E01
disp-node2 8.12E02 6.06E02 8.14E02 6.00E02 1.07E01 1.91E01 1.74E01
disp-node3 8.12E02 6.22E02 8.01E02 5.97E02 1.02E01 1.78E01 1.62E01
disp-node4 7.59E02 6.12E02 7.51E02 5.84E-02 9.16E02 1.56E01 1.41E01
disp-node5 7.22E02 5.92E02 7.11E02 5.57E02 8.48E02 1.43E01 1.30E01
disp-node6 4.99E02 4.53E02 4.77E02 4.05E02 5.52E02 1.01E01 9.44E02
disp-node7 3.22E02 2.94E02 3.52E02 2.53E02 5.95E02 1.39E01 1.30E01
770k-LC 770k-LP1 770k-LP2 770k-LP3 770k-LP4 770k-LM1 770k-LM2
smax-node1 3.15Eþ00 1.02Eþ00 1.57E01 1.15E01 6.67E01 9.37E01 1.02Eþ00
smax-node2 1.59Eþ00 1.78Eþ00 2.01Eþ00 2.35Eþ00 2.55Eþ00 1.70Eþ00 6.06E01
smax-node3 2.60Eþ00 2.73Eþ00 3.03Eþ00 3.67Eþ00 3.97Eþ00 3.06Eþ00 1.71Eþ00
smax-node4 1.11Eþ00 9.98E01 8.97E01 7.19E01 5.94E01 4.81E01 6.47E01
smax-node5 2.03E01 1.82E01 1.64E01 1.38E01 1.49E01 2.04E01 4.80E01
smax-node6 7.31E02 8.01E02 9.21E02 1.21E01 1.66E01 1.91E01 2.16E01
smax-node7 6.42E03 7.11E03 7.95E03 1.00E02 1.36E02 1.61E02 1.88E02
smin-node1 3.63Eþ00 2.26Eþ00 1.45Eþ00 1.45Eþ00 2.00Eþ00 2.22Eþ00 2.37Eþ00
smin-node2 1.11Eþ01 7.62Eþ00 5.11Eþ00 1.90Eþ00 3.57E01 1.52E01 2.24E01
smin-node3 1.18Eþ01 8.58Eþ00 6.28Eþ00 3.51Eþ00 2.02Eþ00 1.58Eþ00 1.38Eþ00
smin-node4 8.57Eþ00 8.15Eþ00 7.90Eþ00 7.34Eþ00 6.36Eþ00 4.60Eþ00 2.70Eþ00
smin-node5 6.15Eþ00 5.77Eþ00 5.53Eþ00 5.02Eþ00 4.18Eþ00 2.77Eþ00 1.28Eþ00
smin-node6 4.59Eþ00 4.63Eþ00 4.64Eþ00 4.65Eþ00 4.62Eþ00 4.58Eþ00 4.58Eþ00
smin-node7 2.35E02 2.33E02 2.30E02 2.26E02 2.19E02 2.19E02 2.23E02
disp-node1 1.14E01 8.90E02 1.03E01 7.96E02 7.06E02 2.30E01 1.66E01
disp-node2 1.10E01 8.47E02 9.27E02 6.80E02 5.56E02 1.81E01 1.27E01
disp-node3 1.08E01 8.38E02 9.10E02 6.70E02 5.46E02 1.73E01 1.22E01
disp-node4 9.54E02 7.61E02 8.23E02 6.38E02 5.44E02 1.50E01 1.05E01
disp-node5 8.89E02 7.19E02 7.73E02 6.10E02 5.26E02 1.39E01 9.81E02
disp-node6 6.02E02 5.53E02 5.48E02 4.84E02 4.34E02 9.70E02 6.95E02
disp-node7 3.27E02 2.95E02 2.89E02 2.49E02 2.22E02 1.27E01 8.54E02
770k-RC 770k-RP1 770k-RP2 770k-RP3 770k-RP4 770k-RM1 770k-RM2
smax-node1 2.40Eþ00 7.96E01 2.02E01 1.39E01 5.59E01 9.59E01 9.19E01
smax-node2 1.59Eþ00 9.82E01 5.32E01 3.34E01 3.36E01 2.83E01 2.74E01
smax-node3 2.65Eþ00 2.01Eþ00 1.58Eþ00 1.26Eþ00 1.11Eþ00 8.08E01 2.89E01
smax-node4 9.37E01 9.08E01 9.07E01 9.49E01 1.09Eþ00 1.28Eþ00 1.67Eþ00
smax-node5 1.57E01 1.48E01 1.45E01 1.55E01 1.95E01 2.68E01 6.50E01
smax-node6 6.27E02 4.85E02 3.82E02 2.31E02 1.35E02 1.31E02 1.74E02
smax-node7 8.60E03 9.08E03 9.44E03 1.02E02 1.11E02 1.21E02 1.28E02
smin-node1 4.19Eþ00 2.76Eþ00 1.85Eþ00 1.53Eþ00 1.75Eþ00 1.85Eþ00 1.85Eþ00
smin-node2 1.06Eþ01 8.01Eþ00 6.22Eþ00 4.25Eþ00 3.45Eþ00 3.25Eþ00 3.50Eþ00
smin-node3 1.17Eþ01 9.07Eþ00 7.29Eþ00 5.48Eþ00 4.68Eþ00 4.35Eþ00 4.26Eþ00
smin-node4 8.94Eþ00 8.44Eþ00 8.07Eþ00 7.23Eþ00 5.98Eþ00 4.34Eþ00 2.42Eþ00
smin-node5 6.41Eþ00 5.98Eþ00 5.64Eþ00 4.90Eþ00 3.82Eþ00 2.32Eþ00 6.44E01
smin-node6 4.34Eþ00 4.39Eþ00 4.42Eþ00 4.47Eþ00 4.50Eþ00 4.50Eþ00 4.52Eþ00
smin-node7 4.91E02 4.97E02 5.02E02 5.16E02 5.36E02 5.53E02 5.56E02
disp-node1 7.99E02 5.58E02 5.35E02 8.03E02 1.29E01 2.28E01 2.36E01
disp-node2 8.65E02 6.39E02 5.84E02 7.50E02 1.12E01 1.87E01 1.92E01
disp-node3 8.65E02 6.47E02 5.91E02 7.39E02 1.08E01 1.80E01 1.84E01
disp-node4 8.18E02 6.45E02 5.96E02 6.94E02 9.55E02 1.54E01 1.56E01
disp-node5 7.75E02 6.23E02 5.78E02 6.59E02 8.90E02 1.43E01 1.45E01
disp-node6 5.47E02 4.96E02 4.75E02 4.74E02 5.92E02 9.92E02 1.04E01
disp-node7 3.23E02 3.04E02 2.92E02 2.83E02 5.56E02 1.28E01 1.38E01
1060k-LC 1060k-LP1 1060k-LP2 1060k-LP3 1060k-LP4 1060k-LM1 1060k-LM2
smax-node1 3.50Eþ00 1.11Eþ00 1.55E02 1.07E02 6.12E01 8.61E01 8.47E01
smax-node2 2.70Eþ00 2.47Eþ00 2.40Eþ00 2.54Eþ00 2.76Eþ00 1.99Eþ00 6.47E01
smax-node3 4.76Eþ00 4.28Eþ00 4.07Eþ00 4.08Eþ00 3.98Eþ00 3.21Eþ00 2.09Eþ00
smax-node4 3.32E01 2.70E01 2.17E01 1.44E01 1.32E01 1.22E01 4.06E01
smax-node5 1.06E01 1.03E01 1.06E01 1.32E01 2.38E01 3.59E01 8.42E01
smax-node6 7.69E02 8.21E02 8.89E02 1.04E01 1.32E01 1.46E01 1.57E01
smax-node7 3.33E03 4.35E03 5.22E03 6.75E03 8.98E03 1.12E02 1.39E02
smin-node1 2.50Eþ00 1.69Eþ00 1.26Eþ00 1.60Eþ00 2.22Eþ00 2.43Eþ00 2.52Eþ00
smin-node2 1.15Eþ01 8.02Eþ00 5.47Eþ00 2.66Eþ00 1.14Eþ00 8.01E01 8.69E01
smin-node3 1.21Eþ01 9.33Eþ00 7.38Eþ00 5.30Eþ00 3.86Eþ00 3.11Eþ00 2.53Eþ00
smin-node4 9.10Eþ00 8.70Eþ00 8.47Eþ00 8.03Eþ00 7.30Eþ00 5.29Eþ00 2.73Eþ00
smin-node5 5.71Eþ00 5.34Eþ00 5.08Eþ00 4.57Eþ00 3.78Eþ00 2.30Eþ00 6.92E01
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Table F1 (continued )
1060k-LC 1060k-LP1 1060k-LP2 1060k-LP3 1060k-LP4 1060k-LM1 1060k-LM2
smin-node6 5.03Eþ00 5.08Eþ00 5.12Eþ00 5.16Eþ00 5.18Eþ00 5.17Eþ00 5.22Eþ00
smin-node7 2.47E02 2.74E02 2.93E02 3.22E02 3.54E02 3.95E02 4.54E02
disp-node1 1.14E01 8.94E02 8.30E02 8.39E02 6.20E02 2.37E01 2.00E01
disp-node2 1.13E01 8.91E02 8.02E02 7.53E02 5.21E02 1.84E01 1.52E01
disp-node3 1.11E01 8.85E02 7.99E02 7.47E02 5.25E02 1.76E01 1.45E01
disp-node4 1.02E01 8.41E02 7.70E02 7.19E02 5.31E02 1.52E01 1.24E01
disp-node5 9.65E02 8.10E02 7.46E02 6.96E02 5.29E02 1.42E01 1.17E01
disp-node6 7.22E02 6.90E02 6.58E02 5.87E02 5.09E02 9.79E02 8.24E02
disp-node7 3.95E02 4.62E02 4.55E02 3.40E02 3.34E02 1.25E01 1.05E01
1060k-RC 1060k-RP1 1060k-RP2 1060k-RP3 1060k-RP4 1060k-RM1 1060k-RM2
smax-node1 2.60Eþ00 7.21E01 7.61E02 5.00E02 1.02Eþ00 1.30Eþ00 1.34Eþ00
smax-node2 2.72Eþ00 2.06Eþ00 1.63Eþ00 1.43Eþ00 1.56Eþ00 1.13Eþ00 3.85E01
smax-node3 4.75Eþ00 4.05Eþ00 3.67Eþ00 3.49Eþ00 3.37Eþ00 2.73Eþ00 1.75Eþ00
smax-node4 2.66E01 2.55E01 2.58E01 3.37E01 6.21E01 9.29E01 2.20Eþ00
smax-node5 9.01E02 7.20E02 6.07E02 4.97E02 8.06E02 1.79E01 1.02Eþ00
smax-node6 8.56E02 7.73E02 7.07E02 5.48E02 3.22E02 2.05E02 1.14E02
smax-node7 3.85E03 4.43E03 4.93E03 6.03E03 7.71E03 9.07E03 1.09E02
smin-node1 4.50Eþ00 2.75Eþ00 1.66Eþ00 1.21Eþ00 1.53Eþ00 1.62Eþ00 1.70Eþ00
smin-node2 1.14Eþ01 8.33Eþ00 6.23Eþ00 3.89Eþ00 2.91Eþ00 2.77Eþ00 2.85Eþ00
smin-node3 1.18Eþ01 9.27Eþ00 7.61Eþ00 5.82Eþ00 4.85Eþ00 4.30Eþ00 3.68Eþ00
smin-node4 9.58Eþ00 8.84Eþ00 8.26Eþ00 7.04Eþ00 5.35Eþ00 3.28Eþ00 1.38Eþ00
smin-node5 5.79Eþ00 5.35Eþ00 5.01Eþ00 4.31Eþ00 3.33Eþ00 1.86Eþ00 5.52E01
smin-node6 4.96Eþ00 5.01Eþ00 5.04Eþ00 5.08Eþ00 5.08Eþ00 5.07Eþ00 5.09Eþ00
smin-node7 3.01E02 3.26E02 3.46E02 3.80E02 4.22E02 4.60E02 5.14E02
disp-node1 7.36E02 3.98E02 6.60E02 6.33E02 7.33E02 2.92E01 2.35E01
disp-node2 8.47E02 5.65E02 7.00E02 6.41E02 7.13E02 2.30E01 1.86E01
disp-node3 8.48E02 5.83E02 7.03E02 6.43E02 7.08E02 2.20E01 1.78E01
disp-node4 7.92E02 5.99E02 6.87E02 6.42E02 6.92E02 1.91E01 1.54E01
disp-node5 7.61E02 5.93E02 6.65E02 6.22E02 6.64E02 1.79E01 1.45E01
disp-node6 5.78E02 5.57E02 5.30E02 5.10E02 5.19E02 1.25E01 1.02E01
disp-node7 3.13E02 4.23E02 2.88E02 2.77E02 2.67E02 1.67E01 1.31E01
1322k-LC 1322k-LP1 1322k-LP2 1322k-LP3 1322k-LP4 1322k-LM1 1322k-LM2
smax-node1 6.64Eþ00 3.63Eþ00 1.79Eþ00 9.50E01 9.50E01 1.11Eþ00 1.09Eþ00
smax-node2 2.51Eþ00 2.20Eþ00 2.07Eþ00 2.12Eþ00 1.99Eþ00 1.71Eþ00 8.10E01
smax-node3 4.09Eþ00 3.73Eþ00 3.64Eþ00 3.81Eþ00 3.64Eþ00 3.20Eþ00 2.19Eþ00
smax-node4 8.49E01 7.69E01 7.01E01 5.85E01 4.68E01 4.95E01 7.00E01
smax-node5 5.11E01 4.50E01 4.09E01 3.48E01 3.04E01 3.48E01 5.36E01
smax-node6 1.02E01 1.04E01 1.06E01 1.09E01 1.12E01 1.14E01 1.15E01
smax-node7 3.94E03 4.10E03 4.22E03 4.44E03 4.73E03 5.14E03 5.60E03
smin-node1 1.41Eþ00 1.01Eþ00 7.04E01 5.58E01 8.49E01 1.19Eþ00 1.34Eþ00
smin-node2 1.12Eþ01 7.89Eþ00 5.56Eþ00 2.73Eþ00 1.36Eþ00 6.95E01 6.40E01
smin-node3 1.19Eþ01 8.97Eþ00 6.94Eþ00 4.57Eþ00 3.27Eþ00 2.45Eþ00 2.08Eþ00
smin-node4 8.39Eþ00 8.06Eþ00 7.88Eþ00 7.50Eþ00 6.50Eþ00 5.13Eþ00 3.29Eþ00
smin-node5 5.37Eþ00 5.05Eþ00 4.82Eþ00 4.33Eþ00 3.53Eþ00 2.53Eþ00 1.46Eþ00
smin-node6 8.02Eþ00 8.07Eþ00 8.11Eþ00 8.16Eþ00 8.16Eþ00 8.12Eþ00 8.14Eþ00
smin-node7 3.33E02 3.28E02 3.23E02 3.16E02 3.12E02 3.12E02 3.19E02
disp-node1 1.00E01 6.66E02 9.37E02 7.49E02 1.02E01 1.42E01 2.05E01
disp-node2 1.02E01 7.30E02 8.88E02 7.00E02 8.66E02 1.15E01 1.61E01
disp-node3 1.02E01 7.35E02 8.79E02 6.94E02 8.43E02 1.11E01 1.54E01
disp-node4 9.24E02 7.09E02 8.21E02 6.74E02 7.81E02 9.86E02 1.34E01
disp-node5 8.75E02 6.85E02 7.83E02 6.51E02 7.44E02 9.30E02 1.25E01
disp-node6 6.07E02 5.53E02 5.61E02 5.03E02 5.24E02 6.35E02 8.84E02
disp-node7 3.19E02 2.95E02 2.99E02 2.46E02 3.69E02 6.61E02 1.14E01
1322k-RC 1322k-RP1 1322k-RP2 1322k-RP3 1322k-RP4 1322k-RM1 1322k-RM2
smax-node1 6.84Eþ00 3.23Eþ00 1.41Eþ00 8.28E01 1.04Eþ00 1.25Eþ00 1.17Eþ00
smax-node2 2.47Eþ00 1.87Eþ00 1.41Eþ00 1.18Eþ00 1.15Eþ00 9.57E01 1.55E01
smax-node3 4.16Eþ00 3.31Eþ00 2.76Eþ00 2.47Eþ00 2.27Eþ00 1.90Eþ00 9.28E01
smax-node4 7.53E01 7.10E01 6.75E01 7.08E01 8.67E01 1.19Eþ00 1.86Eþ00
smax-node5 5.50E01 4.89E01 4.43E01 3.99E01 3.93E01 4.96E01 1.05Eþ00
smax-node6 1.02E01 1.02E01 1.01E01 9.72E02 8.86E02 7.87E02 7.36E02
smax-node7 5.03E03 5.31E03 5.51E03 6.03E03 7.00E03 8.08E03 8.69E03
smin-node1 1.92Eþ00 1.28Eþ00 8.49E01 5.80E01 8.88E01 1.13Eþ00 1.15Eþ00
smin-node2 1.15Eþ01 8.19Eþ00 5.91Eþ00 3.57Eþ00 2.37Eþ00 2.07Eþ00 2.25Eþ00
smin-node3 1.20Eþ01 9.09Eþ00 7.16Eþ00 5.38Eþ00 4.35Eþ00 3.88Eþ00 3.57Eþ00
smin-node4 8.99Eþ00 8.42Eþ00 7.94Eþ00 7.06Eþ00 5.43Eþ00 3.68Eþ00 1.74Eþ00
smin-node5 5.42Eþ00 5.02Eþ00 4.68Eþ00 4.17Eþ00 3.22Eþ00 2.07Eþ00 8.59E01
smin-node6 7.96Eþ00 8.01Eþ00 8.05Eþ00 8.09Eþ00 8.07Eþ00 8.02Eþ00 8.02Eþ00
smin-node7 4.24E02 4.26E02 4.27E02 4.38E02 4.56E02 4.72E02 4.79E02
disp-node1 1.13E01 6.55E02 6.81E02 1.03E01 1.64E01 2.95E01 2.42E01
disp-node2 1.13E01 7.21E02 6.97E02 9.04E02 1.34E01 2.32E01 1.89E01
disp-node3 1.11E01 7.25E02 7.00E02 8.93E02 1.30E01 2.23E01 1.82E01
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Appendix G
See Table G1.
Table F1 (continued )
1322k-RC 1322k-RP1 1322k-RP2 1322k-RP3 1322k-RP4 1322k-RM1 1322k-RM2
disp-node4 1.00E01 7.01E02 6.82E02 8.32E02 1.16E01 1.93E01 1.58E01
disp-node5 9.45E02 6.75E02 6.57E02 7.91E02 1.09E01 1.81E01 1.47E01
disp-node6 6.25E02 5.23E02 5.06E02 5.46E02 7.32E02 1.28E01 1.06E01
disp-node7 4.09E02 2.67E02 2.55E02 3.92E02 8.13E02 1.76E01 1.43E01
3806k-LC 3806k-LP1 3806k-LP2 3806k-LP3 3806k-LP4 3806k-LM1 3806k-LM2
smax-node1 3.63Eþ00 1.04Eþ00 5.07E02 2.20E02 3.10E01 5.94E01 7.00E01
smax-node2 1.85Eþ00 1.76Eþ00 1.76Eþ00 1.63Eþ00 1.94Eþ00 1.33Eþ00 3.08E01
smax-node3 3.63Eþ00 3.53Eþ00 3.80Eþ00 4.13Eþ00 4.62Eþ00 3.71Eþ00 2.32Eþ00
smax-node4 6.02Eþ00 5.54Eþ00 5.22Eþ00 4.69Eþ00 4.25Eþ00 3.32Eþ00 2.46Eþ00
smax-node5 2.38E01 1.64E01 1.58E01 1.65E01 2.06E01 2.63E01 3.74E01
smax-node6 7.39E02 8.39E02 7.55E02 7.97E02 1.11E01 1.05E01 9.35E02
smax-node7 3.40E02 3.85E02 3.79E02 4.03E02 2.89E02 2.50E02 1.34E02
smin-node1 2.68Eþ00 2.16Eþ00 1.98Eþ00 1.86Eþ00 2.57Eþ00 2.71Eþ00 2.88Eþ00
smin-node2 1.00Eþ01 6.97Eþ00 4.87Eþ00 2.38Eþ00 7.06E01 3.13E01 5.54E01
smin-node3 1.18Eþ01 8.76Eþ00 6.84Eþ00 4.60Eþ00 3.12Eþ00 2.42Eþ00 2.22Eþ00
smin-node4 6.88Eþ00 6.59Eþ00 6.50Eþ00 6.16Eþ00 5.59Eþ00 4.25Eþ00 3.21Eþ00
smin-node5 4.29Eþ00 4.12Eþ00 3.98Eþ00 3.75Eþ00 3.20Eþ00 1.91Eþ00 6.84E01
smin-node6 9.81Eþ00 9.95Eþ00 1.00Eþ01 1.04Eþ01 1.04Eþ01 1.02Eþ01 1.04Eþ01
smin-node7 6.34E02 6.84E02 8.07E02 7.18E02 5.72E02 5.75E02 5.40E02
disp-node1 1.00E01 8.99E02 1.40E01 1.15E01 1.67E01 3.56E01 2.37E01
disp-node2 1.08E01 9.51E02 1.29E01 1.05E01 1.43E01 2.89E01 1.94E01
disp-node3 1.08E01 9.55E02 1.25E01 1.02E01 1.35E01 2.69E01 1.80E01
disp-node4 1.03E01 9.27E02 1.17E01 9.84E02 1.27E01 2.42E01 1.64E01
disp-node5 9.79E02 8.97E02 1.09E01 9.31E02 1.17E01 2.19E01 1.48E01
disp-node6 8.04E02 7.67E02 7.95E02 7.18E02 7.91E02 1.51E01 1.02E01
disp-node7 5.54E02 5.48E02 5.53E02 4.84E02 6.69E02 1.98E01 1.23E01
3806k-RC 3806k-RP1 3806k-RP2 3806k-RP3 3806k-RP4 3806k-RM1 3806k-RM2
smax-node1 1.97Eþ00 4.75Eþ00 1.35E01 1.09E01 8.91E01 1.45Eþ00 1.46Eþ00
smax-node2 1.49Eþ00 5.52E01 9.32E01 6.10E01 5.90E01 2.52E01 9.60E03
smax-node3 4.05Eþ00 3.91Eþ00 2.88Eþ00 2.56Eþ00 2.49Eþ00 1.94Eþ00 1.15Eþ00
smax-node4 5.82Eþ00 2.70Eþ01 4.86Eþ00 4.26Eþ00 3.73Eþ00 2.88Eþ00 1.99Eþ00
smax-node5 2.65E01 1.61Eþ01 2.41E01 1.93E01 1.72E01 1.53E01 4.34E01
smax-node6 7.57E02 1.53Eþ01 9.30E02 8.20E02 8.07E02 9.03E02 8.46E02
smax-node7 2.89E02 2.03Eþ00 2.75E02 2.60E02 2.56E02 2.75E02 2.98E02
smin-node1 5.07Eþ00 9.81E01 1.74Eþ00 1.25Eþ00 1.42Eþ00 1.58Eþ00 1.67Eþ00
smin-node2 1.01Eþ01 3.13Eþ01 5.37Eþ00 2.83Eþ00 1.74Eþ00 1.48Eþ00 1.69Eþ00
smin-node3 1.21Eþ01 3.78Eþ01 7.28Eþ00 4.99Eþ00 4.07Eþ00 3.66Eþ00 3.52Eþ00
smin-node4 6.76Eþ00 6.99Eþ00 6.52Eþ00 6.40Eþ00 6.02Eþ00 5.02Eþ00 3.92Eþ00
smin-node5 3.56Eþ00 3.09Eþ00 3.14Eþ00 2.76Eþ00 2.13Eþ00 9.89E01 2.17E01
smin-node6 8.51Eþ00 1.15Eþ00 8.83Eþ00 9.13Eþ00 8.93Eþ00 8.69Eþ00 8.67Eþ00
smin-node7 6.56E02 2.62Eþ00 6.44E02 6.38E02 6.25E02 6.56E02 6.50E02
disp-node1 1.16E01 2.38Eþ00 8.17E02 6.65E02 9.91E02 1.79E01 1.78E01
disp-node2 1.23E01 4.41Eþ00 8.69E02 6.86E02 8.92E02 1.49E01 1.46E01
disp-node3 1.21E01 4.88Eþ00 8.75E02 7.01E02 8.80E02 1.42E01 1.39E01
disp-node4 1.14E01 5.73Eþ00 8.68E02 7.24E02 8.58E02 1.30E01 1.26E01
disp-node5 1.07E01 6.33Eþ00 8.35E02 7.13E02 8.13E02 1.18E01 1.15E01
disp-node6 7.88E02 6.88Eþ00 7.05E02 6.53E02 6.35E02 8.05E02 7.96E02
disp-node7 3.87E02 7.50Eþ00 4.42E02 4.43E02 3.18E02 7.33E02 7.75E02
Table G1
Raw data for principal stress and displacement values measured from the relaxed-constraint tet-10 dataset. Nodes correspond to landmarks shown in Figs. 4–6 in anterior-
to-posterior order. smax, maximum principal stress (in megapascal); smin, minimum principal stress (in megapascal), disp, displacement sum in x,y,z directions (in
millimeters).
475k-LC 475k-LP1 475k-LP2 475k-LP3 475k-LP4 475k-LM1 475k-LM2
smax-node1 3.44Eþ00 8.88E01 2.92E02 1.97E01 1.20Eþ00 1.71Eþ00 1.65Eþ00
smax-node2 6.20E01 4.01E01 2.90E01 1.26E01 2.28E01 1.68E01 2.36E02
smax-node3 2.43Eþ00 2.30Eþ00 2.32Eþ00 2.36Eþ00 2.60Eþ00 1.77Eþ00 4.78E01
smax-node4 5.65Eþ00 5.02Eþ00 4.62Eþ00 3.98Eþ00 3.08Eþ00 1.63Eþ00 2.52E01
smax-node5 3.51E02 4.09E02 4.53E02 4.48E02 5.29E02 4.13E02 9.11E02
smax-node6 1.22E01 2.14E01 6.46E02 3.28E01 1.66E01 2.02E01 4.42E02
smax-node7 4.72E02 4.45E02 5.32E02 5.02E02 4.82E02 1.12E01 9.33E02
smin-node1 2.83Eþ00 1.61Eþ00 9.76E01 1.47Eþ00 2.15Eþ00 2.54Eþ00 2.53Eþ00
smin-node2 1.06Eþ01 7.62Eþ00 5.45Eþ00 3.00Eþ00 1.13Eþ00 6.51E01 1.36Eþ00
smin-node3 1.16Eþ01 7.97Eþ00 5.26Eþ00 2.21Eþ00 3.15E01 1.64E02 1.01E02
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Table G1 (continued )
475k-LC 475k-LP1 475k-LP2 475k-LP3 475k-LP4 475k-LM1 475k-LM2
smin-node4 6.65Eþ00 6.62Eþ00 6.62Eþ00 6.70Eþ00 6.56Eþ00 5.48Eþ00 4.25Eþ00
smin-node5 5.36Eþ00 5.05Eþ00 4.79Eþ00 4.37Eþ00 3.65Eþ00 2.52Eþ00 9.41E01
smin-node6 4.60Eþ00 4.53Eþ00 4.60Eþ00 4.39Eþ00 4.41Eþ00 4.27Eþ00 4.46Eþ00
smin-node7 1.81E02 1.88E02 1.97E02 1.82E02 1.71E02 3.74E02 3.76E02
disp-node1 1.30E01 1.35E01 1.97E01 1.81E01 1.97E01 4.70E01 2.48E01
disp-node2 1.31E01 1.31E01 1.77E01 1.60E01 1.68E01 3.89E01 2.04E01
disp-node3 1.30E01 1.28E01 1.69E01 1.52E01 1.58E01 3.63E01 1.89E01
disp-node4 1.20E01 1.19E01 1.51E01 1.36E01 1.39E01 3.07E01 1.60E01
disp-node5 1.13E01 1.12E01 1.41E01 1.27E01 1.30E01 2.83E01 1.48E01
disp-node6 8.42E02 8.14E02 8.98E02 8.26E02 8.16E02 1.91E01 9.63E02
disp-node7 4.72E02 4.40E02 6.27E02 5.61E02 6.77E02 2.65E01 1.14E01
475k-RC 475k-RP1 475k-RP2 475k-RP3 475k-RP4 475k-RM1 475k-RM2
smax-node1 1.99Eþ00 2.87E01 2.48E02 1.98E02 7.43E01 1.54Eþ00 1.48Eþ00
smax-node2 2.53Eþ00 1.82Eþ00 1.32Eþ00 9.00E01 8.47E01 5.88E01 1.60E02
smax-node3 5.13Eþ00 4.17Eþ00 3.58Eþ00 3.20Eþ00 2.96Eþ00 2.20Eþ00 1.34Eþ00
smax-node4 2.12Eþ00 2.00Eþ00 1.89Eþ00 1.79Eþ00 1.68Eþ00 1.36Eþ00 1.25Eþ00
smax-node5 6.06E02 6.28E02 5.52E02 6.20E02 7.28E02 1.59E01 8.71E01
smax-node6 2.45E02 2.37E02 2.44E02 2.50E02 2.82E02 3.14E02 2.44E02
smax-node7 2.80E02 1.80E02 1.77E02 2.27E02 3.46E02 5.49E02 3.63E02
smin-node1 7.89Eþ00 4.96Eþ00 3.21Eþ00 2.17Eþ00 2.31Eþ00 2.37Eþ00 2.34Eþ00
smin-node2 1.18Eþ01 8.56Eþ00 6.47Eþ00 3.74Eþ00 2.60Eþ00 2.28Eþ00 2.48Eþ00
smin-node3 1.25Eþ01 9.62Eþ00 7.87Eþ00 5.82Eþ00 4.88Eþ00 4.18Eþ00 3.79Eþ00
smin-node4 6.72Eþ00 6.55Eþ00 6.42Eþ00 6.09Eþ00 5.46Eþ00 4.28Eþ00 3.03Eþ00
smin-node5 3.90Eþ00 3.65Eþ00 3.37Eþ00 2.82Eþ00 1.91Eþ00 5.89E01 8.48E02
smin-node6 4.54Eþ00 4.54Eþ00 4.55Eþ00 4.59Eþ00 4.59Eþ00 4.60Eþ00 4.48Eþ00
smin-node7 3.67E02 2.88E02 3.70E02 3.27E02 4.07E02 6.47E02 6.33E02
disp-node1 1.32E01 8.01E02 1.03E01 7.36E02 1.22E01 3.54E01 2.93E01
disp-node2 1.34E01 9.07E02 1.03E01 7.58E02 1.08E01 2.83E01 2.35E01
disp-node3 1.32E01 9.16E02 1.02E01 7.67E02 1.06E01 2.70E01 2.24E01
disp-node4 1.22E01 9.06E02 9.84E02 7.78E02 9.97E02 2.38E01 1.98E01
disp-node5 1.15E01 8.82E02 9.40E02 7.64E02 9.38E02 2.18E01 1.82E01
disp-node6 7.89E02 7.47E02 7.13E02 6.72E02 6.53E02 1.45E01 1.21E01
disp-node7 4.48E02 5.40E02 4.26E02 4.78E02 3.54E02 1.89E01 1.51E01
514k-LC 514k-LP1 514k-LP2 514k-LP3 514k-LP4 514k-LM1 514k-LM2
smax-node1 8.91Eþ00 4.63Eþ00 2.09Eþ00 7.75E01 6.75E01 9.88E01 9.69E01
smax-node2 1.56E01 6.58E02 5.88E02 3.88E02 2.28E02 5.76E02 1.41E01
smax-node3 2.06Eþ00 1.53Eþ00 1.07Eþ00 9.14E01 6.22E01 3.03E01 2.42E01
smax-node4 9.17Eþ00 8.07Eþ00 7.37Eþ00 6.37Eþ00 5.06Eþ00 3.13Eþ00 1.10Eþ00
smax-node5 2.69E02 3.18E02 2.60E02 2.23E02 3.05E02 8.07E02 1.92E01
smax-node6 5.79E02 3.41E02 5.54E02 4.28E02 5.20E02 4.92E02 5.19E02
smax-node7 3.71E05 7.84E04 7.82E04 2.71E04 2.24E03 6.85E03 4.44E03
smin-node1 1.07Eþ00 8.48E01 7.22E01 5.38E01 1.05Eþ00 1.62Eþ00 1.75Eþ00
smin-node2 1.15Eþ01 8.19Eþ00 6.07Eþ00 3.47Eþ00 1.76Eþ00 1.33Eþ00 1.80Eþ00
smin-node3 1.06Eþ01 7.38Eþ00 5.29Eþ00 2.60Eþ00 1.04Eþ00 4.03E01 9.47E01
smin-node4 7.25Eþ00 6.96Eþ00 6.65Eþ00 6.27Eþ00 5.40Eþ00 4.32Eþ00 3.03Eþ00
smin-node5 6.98Eþ00 6.56Eþ00 6.11Eþ00 5.41Eþ00 4.18Eþ00 2.63Eþ00 8.00E01
smin-node6 1.30Eþ01 1.29Eþ01 1.28Eþ01 1.27Eþ01 1.25Eþ01 1.25Eþ01 1.30Eþ01
smin-node7 4.39E02 4.39E02 3.97E02 4.65E02 2.30E02 6.77E02 3.98E02
disp-node1 1.49E01 1.48E01 1.85E01 2.82E01 1.78E01 4.93E01 2.68E01
disp-node2 1.46E01 1.40E01 1.68E01 2.43E01 1.52E01 4.10E01 2.20E01
disp-node3 1.43E01 1.37E01 1.63E01 2.32E01 1.45E01 3.88E01 2.07E01
disp-node4 1.31E01 1.25E01 1.45E01 1.99E01 1.25E01 3.22E01 1.70E01
disp-node5 1.22E01 1.17E01 1.34E01 1.81E01 1.16E01 2.93E01 1.55E01
disp-node6 9.17E02 8.77E02 9.04E02 1.13E01 7.67E02 1.96E01 1.01E01
disp-node7 4.63E02 4.30E02 4.60E02 1.07E01 4.61E02 2.72E01 1.21E01
514k-RC 514k-RP1 514k-RP2 514k-RP3 514k-RP4 514k-RM1 514k-RM2
smax-node1 2.04Eþ00 2.78E01 2.41E03 1.14E02 8.24E01 1.37Eþ00 9.93E01
smax-node2 1.78Eþ00 1.23Eþ00 8.63E01 3.74E01 4.10E01 6.04E01 1.01E02
smax-node3 4.40Eþ00 3.40Eþ00 2.86Eþ00 2.49Eþ00 2.46Eþ00 2.22Eþ00 8.75E01
smax-node4 3.97Eþ00 3.68Eþ00 3.58Eþ00 3.51Eþ00 3.50Eþ00 3.46Eþ00 2.87Eþ00
smax-node5 1.22E01 1.15E01 1.12E01 1.16E01 1.38E01 2.74E01 1.25Eþ00
smax-node6 8.24E04 2.53E03 1.77E02 1.12E03 6.60E03 2.46E02 1.48E02
smax-node7 2.99E03 2.17E03 2.67E03 2.47E03 1.53E02 1.20E02 2.15E02
smin-node1 7.83Eþ00 4.84Eþ00 3.07Eþ00 1.94Eþ00 2.06Eþ00 2.22Eþ00 2.14Eþ00
smin-node2 1.02Eþ01 7.32Eþ00 5.42Eþ00 2.82Eþ00 1.62Eþ00 1.23Eþ00 2.09Eþ00
smin-node3 1.28Eþ01 9.50Eþ00 7.45Eþ00 5.06Eþ00 4.01Eþ00 3.50Eþ00 3.46Eþ00
smin-node4 6.87Eþ00 6.51Eþ00 6.22Eþ00 5.54Eþ00 4.61Eþ00 3.70Eþ00 2.37Eþ00
smin-node5 3.90Eþ00 3.63Eþ00 3.41Eþ00 2.85Eþ00 1.90Eþ00 7.07E01 4.77E02
smin-node6 9.93Eþ00 9.82Eþ00 9.93Eþ00 9.90Eþ00 1.02Eþ01 1.08Eþ01 1.03Eþ01
smin-node7 1.31E02 1.26E02 1.43E02 1.49E02 2.52E02 4.65E02 3.82E02
disp-node1 1.40E01 9.81E02 1.11E01 8.98E02 2.16E01 5.26E01 3.57E01
disp-node2 1.41E01 1.04E01 1.09E01 8.75E02 1.82E01 4.26E01 2.90E01
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Table G1 (continued )
514k-RC 514k-RP1 514k-RP2 514k-RP3 514k-RP4 514k-RM1 514k-RM2
disp-node3 1.38E01 1.04E01 1.08E01 8.71E02 1.73E01 3.99E01 2.73E01
disp-node4 1.27E01 9.94E02 1.02E01 8.60E02 1.56E01 3.49E01 2.39E01
disp-node5 1.19E01 9.57E02 9.77E02 8.30E02 1.42E01 3.18E01 2.18E01
disp-node6 8.82E02 8.07E02 7.83E02 7.20E02 9.46E02 2.26E01 1.53E01
disp-node7 4.66E02 4.89E02 4.21E02 4.17E02 8.39E02 3.13E01 1.99E01
610k-LC 610k-LP1 610k-LP2 610k-LP3 610k-LP4 610k-LM1 610k-LM2
smax-node1 4.37Eþ00 1.77Eþ00 2.71E01 2.84E01 1.01Eþ00 1.56Eþ00 1.39Eþ00
smax-node2 1.17Eþ00 8.57E01 5.56E01 2.99E01 1.50E01 5.12E01 3.90E03
smax-node3 3.11Eþ00 2.59Eþ00 2.29Eþ00 2.06Eþ00 1.87Eþ00 1.67Eþ00 6.13E01
smax-node4 4.94Eþ00 4.47Eþ00 4.10Eþ00 3.62Eþ00 2.89Eþ00 2.43Eþ00 1.38Eþ00
smax-node5 2.54E02 1.64E02 2.00E02 1.02E02 2.45E02 1.32E01 5.96E01
smax-node6 1.45E01 1.74E01 1.68E01 1.62E01 1.04E01 2.52E01 1.34E01
smax-node7 6.21E03 5.79E03 4.73E03 8.19E03 8.22E03 3.32E02 1.45E02
smin-node1 1.49Eþ00 9.22E01 6.74E01 1.04Eþ00 2.12Eþ00 3.38Eþ00 2.95Eþ00
smin-node2 9.07Eþ00 6.58Eþ00 4.68Eþ00 2.59Eþ00 1.43Eþ00 1.72Eþ00 1.73Eþ00
smin-node3 1.18Eþ01 8.50Eþ00 6.00Eþ00 3.54Eþ00 2.09Eþ00 1.82Eþ00 1.56Eþ00
smin-node4 5.99Eþ00 6.11Eþ00 6.17Eþ00 5.32Eþ00 4.06Eþ00 2.44Eþ00 1.77Eþ00
smin-node5 3.73Eþ00 3.81Eþ00 3.86Eþ00 2.98Eþ00 1.92Eþ00 6.03E01 1.34E01
smin-node6 4.88Eþ00 5.19Eþ00 5.38Eþ00 4.89Eþ00 4.40Eþ00 3.36Eþ00 3.87Eþ00
smin-node7 6.78E02 4.21E02 3.79E02 5.83E02 1.11E01 2.06E01 1.26E01
disp-node1 1.66E01 1.30E01 1.06E01 1.53E01 1.94E01 3.49E01 1.77E01
disp-node2 1.62E01 1.30E01 1.07E01 1.39E01 1.67E01 2.87E01 1.48E01
disp-node3 1.60E01 1.29E01 1.07E01 1.36E01 1.62E01 2.73E01 1.43E01
disp-node4 1.46E01 1.22E01 1.05E01 1.25E01 1.43E01 2.30E01 1.24E01
disp-node5 1.36E01 1.16E01 1.02E01 1.18E01 1.33E01 2.10E01 1.16E01
disp-node6 1.01E01 9.54E02 9.13E02 8.93E02 8.90E02 1.22E01 7.79E02
disp-node7 5.78E02 6.37E02 6.87E02 4.92E02 4.33E02 1.17E01 4.05E02
610k-RC 610k-RP1 610k-RP2 610k-RP3 610k-RP4 610k-RM1 610k-RM2
smax-node1 8.86Eþ00 4.34Eþ00 1.70Eþ00 9.79E01 7.55E01 1.08Eþ00 1.41Eþ00
smax-node2 1.08Eþ00 1.23Eþ00 6.20E01 5.15E01 -3.86E03 -1.62E02 -9.18E03
smax-node3 2.61Eþ00 2.11Eþ00 1.44Eþ00 1.29Eþ00 9.24E01 5.45E01 2.13E02
smax-node4 6.84Eþ00 6.28Eþ00 5.82Eþ00 5.18Eþ00 4.52Eþ00 3.92Eþ00 2.90Eþ00
smax-node5 2.67E02 3.36E02 2.86E02 4.79E02 1.18E01 3.16E01 1.53Eþ00
smax-node6 5.67E02 4.77E02 5.01E02 4.52E02 7.43E02 8.54E02 9.11E03
smax-node7 7.46E04 3.22E04 6.46E03 7.13E04 2.30E02 5.03E02 5.18E02
smin-node1 1.83Eþ00 1.28Eþ00 8.51E01 3.75E01 9.11E01 1.89Eþ00 2.15Eþ00
smin-node2 1.00Eþ01 7.32Eþ00 5.20Eþ00 2.60Eþ00 1.61Eþ00 1.24Eþ00 2.45Eþ00
smin-node3 1.19Eþ01 8.58Eþ00 5.97Eþ00 3.13Eþ00 2.12Eþ00 1.93Eþ00 2.64Eþ00
smin-node4 6.73Eþ00 6.98Eþ00 6.24Eþ00 6.87Eþ00 5.46Eþ00 4.46Eþ00 3.53Eþ00
smin-node5 5.56Eþ00 5.33Eþ00 4.33Eþ00 4.03Eþ00 2.20Eþ00 7.69E01 1.16E01
smin-node6 6.93Eþ00 7.07Eþ00 6.72Eþ00 6.88Eþ00 6.66Eþ00 7.22Eþ00 7.49Eþ00
smin-node7 2.48E02 2.44E02 2.98E02 2.54E02 6.16E02 1.03E01 9.81E02
disp-node1 1.08E01 9.13E02 1.80E01 1.01E01 2.09E01 3.63E01 3.34E01
disp-node2 1.26E01 1.06E01 1.70E01 1.01E01 1.80E01 2.99E01 2.74E01
disp-node3 1.27E01 1.08E01 1.66E01 1.01E01 1.74E01 2.85E01 2.61E01
disp-node4 1.27E01 1.11E01 1.54E01 1.03E01 1.56E01 2.44E01 2.23E01
disp-node5 1.24E01 1.10E01 1.46E01 1.01E01 1.44E01 2.22E01 2.02E01
disp-node6 1.07E01 9.98E02 1.05E01 8.95E02 9.43E02 1.34E01 1.23E01
disp-node7 8.14E02 7.98E02 6.51E02 6.55E02 6.18E02 1.54E01 1.48E01
770k-LC 770k-LP1 770k-LP2 770k-LP3 770k-LP4 770k-LM1 770k-LM2
smax-node1 3.21Eþ00 5.86E01 1.27E01 1.02E01 8.65E01 2.00Eþ00 1.80Eþ00
smax-node2 1.72Eþ00 1.28Eþ00 9.61E01 8.71E01 7.22E01 5.39E01 2.19E01
smax-node3 4.67Eþ00 4.12Eþ00 3.87Eþ00 3.82Eþ00 3.67Eþ00 3.21Eþ00 2.21Eþ00
smax-node4 2.17Eþ00 2.00Eþ00 1.90Eþ00 1.67Eþ00 1.41Eþ00 8.56E01 5.62E01
smax-node5 1.32E01 1.11E01 1.29E01 1.15E01 1.06E01 1.61E01 9.83E02
smax-node6 1.09E01 1.00E01 1.13E01 1.14E01 1.14E01 1.15E01 1.06E01
smax-node7 7.18E03 1.27E02 1.59E02 4.98E03 1.10E02 6.48E02 4.99E02
smin-node1 4.47Eþ00 2.89Eþ00 2.32Eþ00 2.67Eþ00 3.53Eþ00 5.24Eþ00 4.82Eþ00
smin-node2 9.82Eþ00 7.05Eþ00 5.08Eþ00 2.56Eþ00 1.09Eþ00 1.45Eþ00 1.39Eþ00
smin-node3 1.27Eþ01 9.47Eþ00 7.22Eþ00 4.62Eþ00 3.07Eþ00 2.42Eþ00 1.73Eþ00
smin-node4 7.28Eþ00 7.17Eþ00 6.88Eþ00 6.75Eþ00 5.88Eþ00 3.75Eþ00 2.52Eþ00
smin-node5 3.25Eþ00 3.14Eþ00 2.95Eþ00 2.80Eþ00 2.31Eþ00 1.44Eþ00 6.14E01
smin-node6 8.45Eþ00 8.54Eþ00 8.28Eþ00 8.65Eþ00 8.31Eþ00 6.07Eþ00 6.18Eþ00
smin-node7 1.11E02 7.39E03 2.09E02 1.17E02 1.43E02 5.47E02 3.30E02
disp-node1 1.40E01 1.30E01 1.64E01 1.11E01 1.13E01 3.91E01 2.18E01
disp-node2 1.42E01 1.30E01 1.52E01 1.06E01 1.03E01 3.17E01 1.77E01
disp-node3 1.41E01 1.29E01 1.48E01 1.04E01 9.98E02 2.95E01 1.65E01
disp-node4 1.32E01 1.22E01 1.37E01 1.02E01 9.61E02 2.52E01 1.42E01
disp-node5 1.25E01 1.17E01 1.29E01 9.89E02 9.33E02 2.32E01 1.32E01
disp-node6 1.02E01 9.71E02 9.70E02 8.66E02 7.95E02 1.43E01 8.37E02
disp-node7 6.73E02 6.54E02 5.64E02 5.96E02 5.01E02 1.69E01 6.87E02
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Table G1 (continued )
770k-RC 770k-RP1 770k-RP2 770k-RP3 770k-RP4 770k-RM1 770k-RM2
smax-node1 2.70Eþ00 7.93E01 1.01E01 8.59E02 7.09E01 1.41Eþ00 1.58Eþ00
smax-node2 2.17Eþ00 1.59Eþ00 1.16Eþ00 6.44E01 3.71E01 -2.55E02 -1.79E02
smax-node3 5.04Eþ00 4.13Eþ00 3.60Eþ00 3.25Eþ00 3.08Eþ00 2.88Eþ00 1.95Eþ00
smax-node4 1.86Eþ00 1.77Eþ00 1.73Eþ00 1.57Eþ00 1.43Eþ00 1.23Eþ00 1.31Eþ00
smax-node5 4.55E02 4.73E02 5.10E02 5.55E02 9.18E02 2.79E01 9.87E01
smax-node6 4.07E02 3.88E02 4.09E02 6.99E02 1.02E01 1.23E01 1.43E01
smax-node7 6.42E03 8.56E03 7.57E03 5.19E04 -5.21E05 2.88E02 1.61E02
smin-node1 4.99Eþ00 3.55Eþ00 2.61Eþ00 2.05Eþ00 2.29Eþ00 2.52Eþ00 2.65Eþ00
smin-node2 1.14Eþ01 8.43Eþ00 6.26Eþ00 3.81Eþ00 2.86Eþ00 2.94Eþ00 3.29Eþ00
smin-node3 1.25Eþ01 9.75Eþ00 7.92Eþ00 6.09Eþ00 5.45Eþ00 5.66Eþ00 5.57Eþ00
smin-node4 7.41Eþ00 7.33Eþ00 7.37Eþ00 6.47Eþ00 5.60Eþ00 4.21Eþ00 2.81Eþ00
smin-node5 4.86Eþ00 4.67Eþ00 4.60Eþ00 3.54Eþ00 2.53Eþ00 1.02Eþ00 1.63E01
smin-node6 8.97Eþ00 9.08Eþ00 9.24Eþ00 8.63Eþ00 8.32Eþ00 7.79Eþ00 7.85Eþ00
smin-node7 2.18E02 2.15E02 2.17E02 4.97E02 1.07E01 2.38E01 2.45E01
disp-node1 1.06E01 9.27E02 7.68E02 1.31E01 2.07E01 4.91E01 4.57E01
disp-node2 1.20E01 1.04E01 8.75E02 1.22E01 1.75E01 3.90E01 3.63E01
disp-node3 1.21E01 1.05E01 8.98E02 1.20E01 1.68E01 3.68E01 3.42E01
disp-node4 1.17E01 1.05E01 9.27E02 1.14E01 1.52E01 3.18E01 2.94E01
disp-node5 1.14E01 1.03E01 9.21E02 1.09E01 1.40E01 2.88E01 2.67E01
disp-node6 9.72E02 9.14E02 8.68E02 8.51E02 9.13E02 1.86E01 1.74E01
disp-node7 6.98E02 6.77E02 6.86E02 5.22E02 6.45E02 2.48E01 2.34E01
1060k-LC 1060k-LP1 1060k-LP2 1060k-LP3 1060k-LP4 1060k-LM1 1060k-LM2
smax-node1 7.78Eþ00 3.48Eþ00 1.75Eþ00 7.14E01 9.72E01 1.38Eþ00 1.13Eþ00
smax-node2 1.71Eþ00 1.31Eþ00 1.36Eþ00 1.15Eþ00 1.26Eþ00 1.70E01 1.53E02
smax-node3 4.00Eþ00 3.80Eþ00 3.46Eþ00 3.30Eþ00 3.43Eþ00 1.75Eþ00 1.06Eþ00
smax-node4 4.23Eþ00 3.55Eþ00 3.51Eþ00 3.06Eþ00 2.46Eþ00 1.96Eþ00 6.35E01
smax-node5 9.26E03 1.23E02 1.73E02 3.24E02 2.56E02 7.56E02 6.84E02
smax-node6 2.34E02 2.71E02 1.83E02 2.42E02 2.16E02 2.02E02 2.45E02
smax-node7 7.31E02 3.39E02 6.67E02 5.84E02 7.08E02 6.98E02 9.63E02
smin-node1 1.43Eþ00 1.05Eþ00 7.12E01 5.41E01 1.30Eþ00 8.88E01 1.33Eþ00
smin-node2 1.04Eþ01 6.87Eþ00 5.27Eþ00 2.84Eþ00 1.17Eþ00 2.57Eþ00 1.88Eþ00
smin-node3 1.41Eþ01 9.28Eþ00 7.80Eþ00 5.08Eþ00 3.23Eþ00 4.75Eþ00 3.74Eþ00
smin-node4 7.80Eþ00 6.78Eþ00 7.43Eþ00 6.52Eþ00 5.67Eþ00 3.15Eþ00 1.57Eþ00
smin-node5 6.39Eþ00 5.12Eþ00 6.10Eþ00 5.17Eþ00 4.46Eþ00 1.97Eþ00 6.30E01
smin-node6 1.45Eþ01 1.21Eþ01 1.46Eþ01 1.45Eþ01 1.47Eþ01 1.23Eþ01 1.20Eþ01
smin-node7 2.88E02 3.22E02 3.14E02 4.11E02 2.92E02 7.24E02 6.32E03
disp-node1 1.41E01 1.29E01 1.23E01 1.25E01 1.01E01 1.67E01 1.26E01
disp-node2 1.52E01 1.37E01 1.28E01 1.24E01 9.95E02 1.58E01 1.18E01
disp-node3 1.53E01 1.38E01 1.28E01 1.24E01 1.00E01 1.55E01 1.15E01
disp-node4 1.45E01 1.36E01 1.26E01 1.23E01 1.02E01 1.47E01 1.09E01
disp-node5 1.41E01 1.34E01 1.23E01 1.21E01 1.02E01 1.42E01 1.07E01
disp-node6 1.17E01 1.23E01 1.06E01 1.05E01 9.59E02 1.22E01 9.89E02
disp-node7 7.72E02 9.47E02 6.95E02 6.85E02 6.68E02 8.28E02 7.07E02
1060k-RC 1060k-RP1 1060k-RP2 1060k-RP3 1060k-RP4 1060k-RM1 1060k-RM2
smax-node1 5.39Eþ00 2.00Eþ00 3.38E01 5.59E02 9.83E01 1.25Eþ00 1.42Eþ00
smax-node2 4.22E01 2.20E01 1.05E03 5.37E03 8.01E03 9.13E02 -5.89E02
smax-node3 2.10Eþ00 1.25Eþ00 6.20E01 1.31E01 3.96E02 2.98E03 8.95E03
smax-node4 8.08Eþ00 7.26Eþ00 6.67Eþ00 5.90Eþ00 5.18Eþ00 3.29Eþ00 2.77Eþ00
smax-node5 8.39E02 8.41E02 8.54E02 8.39E02 1.12E01 2.89E01 1.12Eþ00
smax-node6 4.39E02 3.24E02 3.35E02 2.59E02 2.52E02 6.96E02 2.07E02
smax-node7 6.89E03 9.32E03 9.78E03 1.11E02 1.47E02 7.97E02 4.29E02
smin-node1 2.84Eþ00 2.01Eþ00 1.34Eþ00 9.29E01 1.57Eþ00 2.30Eþ00 2.28Eþ00
smin-node2 1.08Eþ01 7.94Eþ00 5.94Eþ00 3.38Eþ00 1.94Eþ00 1.88Eþ00 2.24Eþ00
smin-node3 1.13Eþ01 8.22Eþ00 6.15Eþ00 3.74Eþ00 2.69Eþ00 2.58Eþ00 3.14Eþ00
smin-node4 7.18Eþ00 6.87Eþ00 6.61Eþ00 6.21Eþ00 5.49Eþ00 3.30Eþ00 2.81Eþ00
smin-node5 7.61Eþ00 7.14Eþ00 6.66Eþ00 5.63Eþ00 4.06Eþ00 8.55E01 2.14E01
smin-node6 9.33Eþ00 9.35Eþ00 9.32Eþ00 9.17Eþ00 9.08Eþ00 1.08Eþ01 1.06Eþ01
smin-node7 7.89E02 8.17E02 7.28E02 7.30E02 9.79E02 5.49E01 4.32E01
disp-node1 1.03E01 1.02E01 1.05E01 1.07E01 1.13E01 3.94E01 2.60E01
disp-node2 1.20E01 1.13E01 1.11E01 1.08E01 1.10E01 3.37E01 2.27E01
disp-node3 1.23E01 1.15E01 1.12E01 1.09E01 1.10E01 3.21E01 2.18E01
disp-node4 1.24E01 1.17E01 1.14E01 1.10E01 1.10E01 2.75E01 1.90E01
disp-node5 1.23E01 1.17E01 1.13E01 1.09E01 1.08E01 2.51E01 1.75E01
disp-node6 1.17E01 1.10E01 1.06E01 1.01E01 9.94E02 1.55E01 1.18E01
disp-node7 9.31E02 8.55E02 7.95E02 7.30E02 6.92E02 1.16E01 5.87E02
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Table H1
R script for conducting subsampling analyses to estimate deviations of subsample mean values from mean values of the full, 7-model dataset. Script was tested and run in R
version 3.1.1.
#ﬁll-up function to calculate mean of progressively smaller subsets of original sample
#with values taken out from one before last value. Returns values in absolute percentages
ﬁll.upo-function(seqmean, mean.orig){
fu.vector o- seqmean
fu.matrix o- c(0)
while(length(fu.vector)42) {
fu.vector o- fu.vector[-(length(fu.vector)-1)]
fu.matrix o- cbind(fu.matrix, (abs(100n(mean(fu.vector)-mean.orig)/mean.orig)))
}
print(c(fu.matrix, row.names¼NULL))
}
#add-up function to calculate mean of progressively smaller subsets of original vector
#with values taken out from the last value. Returns values in percentages
add.upo-function(seqmean, mean.orig){
au.vector o- seqmean
au.matrix o- c(0)
while(length(au.vector)42) {
au.vector o- au.vector[-(length(au.vector))]
au.matrix o- cbind(au.matrix, (abs(100n(mean(au.vector)-mean.orig)/mean.orig)))
}
print(c(au.matrix, row.names¼NULL))
}
#add-down function to calculate mean of progressively smaller subsets of original vector
#with values taken out from the ﬁrst value. Returns values in percentages
add.downo-function(seqmean, mean.orig){
ad.vector o- seqmean
ad.matrix o- c(0)
while(length(ad.vector)42) {
ad.vector o- ad.vector[1]
ad.matrix o- cbind(ad.matrix, (abs(100n(mean(ad.vector)-mean.orig)/mean.orig)))
}
print(c(ad.matrix, row.names¼NULL))
}
#ﬁll-down function to calculate mean of progressively smaller subsets of original vector
#with values taken out from the value after the ﬁrst. Returns values in percentages
ﬁll.downo-function(seqmean, mean.orig){
fd.vector o- seqmean
fd.matrix o- c(0)
while(length(fd.vector)42) {
fd.vector o- fd.vector[2]
fd.matrix o- cbind(fd.matrix, (abs(100n(mean(fd.vector)-mean.orig)/mean.orig)))
}
print(c(fd.matrix, row.names¼NULL))
}
#ﬁll-middle function to calculate mean of progressively smaller subsets of original vector
#with values taken out from the mid-range. Returns values in percentages
ﬁll.middleo-function(seqmean, mean.orig){
mean.orig o- mean(seqmean)
full.vector o- seqmean
vector.six o- full.vector[6]
vector.ﬁve o- vector.six[2]
vector.four o- vector.ﬁve[2]
vector.three o- vector.four[2]
vector.two o- vector.three[2]
col.one o- c((abs(100n(mean(full.vector)-mean.orig)/mean.orig)))
fm.matrix o- col.one
col.two o- c((abs(100n(mean(vector.six)-mean.orig)/mean.orig)))
fm.matrix o- cbind(fm.matrix, col.two)
col.three o- c((abs(100n(mean(vector.ﬁve)-mean.orig)/mean.orig)))
fm.matrix o- cbind(fm.matrix, col.three)
col.four o- c((abs(100n(mean(vector.four)-mean.orig)/mean.orig)))
fm.matrix o- cbind(fm.matrix, col.four)
col.ﬁve o- c((abs(100n(mean(vector.three)-mean.orig)/mean.orig)))
fm.matrix o- cbind(fm.matrix, col.ﬁve)
col.six o- c((abs(100n(mean(vector.two)-mean.orig)/mean.orig)))
fm.matrix o- cbind(fm.matrix, col.six)
print(c(fm.matrix, row.names¼NULL))
}
#Debugged version of the batch processing of all ﬁve in-ﬁll sampling
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Table H1 (continued )
#resulting spreadsheet has consecutive columns of ﬁll-up, add-up, add-down,
#ﬁll-down, ﬁll-middle sample deviations from full sample, or 5 times the
# number of values in full sample. Rows in the spreadsheet are sampled attributes
ﬁll.all2o-function(seqmat){
fa.matrix o- seqmat
output.matrix¼c()
while(nrow(fa.matrix)40) {
fa.matrix o- matrix(fa.matrix, ncol¼7)
mean.orig o- mean(fa.matrix[1, ])
new.row o- c(ﬁll.up(fa.matrix[1, ], mean.orig),
add.up(fa.matrix[1, ], mean.orig),
add.down(fa.matrix[1, ], mean.orig),
ﬁll.down(fa.matrix[1, ], mean.orig),
ﬁll.middle(fa.matrix[1, ], mean.orig))
output.matrix o- rbind(output.matrix, new.row, row.names¼NULL)
fa.matrix o- matrix(fa.matrix[(1), ], ncol¼7)
}
library(xlsx)
write.xlsx(output.matrix, "results.xlsx", sheetName¼"Sheet1", col.names¼FALSE, row.names¼FALSE, append¼FALSE, showNA¼TRUE)
}
#calling the batch function
seqmat o- data.matrix(read.table("canine.txt",sep¼",", header¼FALSE))
ﬁll.all2(seqmat)
Table I1
R script for conducting subsampling analyses to estimate deviations of subsample standard error values from standard error of the full, 7-model dataset. Script was tested
and run in R version 3.1.1.
#ﬁll-up function to calculate se of progressively smaller subsets of original sample
#with values taken out from one before last value. Returns values in absolute percentages
ﬁll.upo-function(seqmean, se.orig){
fu.vector o- seqmean
fu.matrix o- c(0)
while(length(fu.vector)42) {
fu.vector o- fu.vector[-(length(fu.vector)-1)]
fu.matrix o- cbind(fu.matrix, (100n(se(fu.vector)-se.orig)/se.orig))
}
print(c(fu.matrix, row.names¼NULL))
}
#add-up function to calculate se of progressively smaller subsets of original vector
#with values taken out from the last value. Returns values in percentages
add.upo-function(seqmean, se.orig){
au.vector o- seqmean
au.matrix o- c(0)
while(length(au.vector)42) {
au.vector o- au.vector[-(length(au.vector))]
au.matrix o- cbind(au.matrix, (100n(se(au.vector)-se.orig)/se.orig))
}
print(c(au.matrix, row.names¼NULL))
}
#add-down function to calculate mean of progressively smaller subsets of original vector
#with values taken out from the ﬁrst value. Returns values in percentages
add.downo-function(seqmean, se.orig){
ad.vector o- seqmean
ad.matrix o- c(0)
while(length(ad.vector)42) {
ad.vector o- ad.vector[1]
ad.matrix o- cbind(ad.matrix, (100n(se(ad.vector)-se.orig)/se.orig))
}
print(c(ad.matrix, row.names¼NULL))
}
#ﬁll-down function to calculate mean of progressively smaller subsets of original vector
#with values taken out from the value after the ﬁrst. Returns values in percentages
ﬁll.downo-function(seqmean, se.orig){
fd.vector o- seqmean
fd.matrix o- c(0)
while(length(fd.vector)42) {
fd.vector o- fd.vector[2]
fd.matrix o- cbind(fd.matrix, (100n(se(fd.vector)-se.orig)/se.orig))
}
print(c(fd.matrix, row.names¼NULL))
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Table I1 (continued )
}
#ﬁll-middle function to calculate mean of progressively smaller subsets of original vector
#with values taken out from the mid-range. Returns values in percentages. For n¼7 full sample only
ﬁll.middleo-function(seqmean, se.orig){
se.orig o- se(seqmean)
full.vector o- seqmean
vector.six o- full.vector[6]
vector.ﬁve o- vector.six[2]
vector.four o- vector.ﬁve[2]
vector.three o- vector.four[2]
vector.two o- vector.three[2]
col.one o- c((100n(se(full.vector)-se.orig)/se.orig))
fm.matrix o- col.one
col.two o- c((100n(se(vector.six)-se.orig)/se.orig))
fm.matrix o- cbind(fm.matrix, col.two)
col.three o- c((100n(se(vector.ﬁve)-se.orig)/se.orig))
fm.matrix o- cbind(fm.matrix, col.three)
col.four o- c((100n(se(vector.four)-se.orig)/se.orig))
fm.matrix o- cbind(fm.matrix, col.four)
col.ﬁve o- c((100n(se(vector.three)-se.orig)/se.orig))
fm.matrix o- cbind(fm.matrix, col.ﬁve)
col.six o- c((100n(se(vector.two)-se.orig)/se.orig))
fm.matrix o- cbind(fm.matrix, col.six)
print(c(fm.matrix, row.names¼NULL))
}
#Calculates standard error
se o- function(x) sd(x)/sqrt(length(x))
#Debugged version of the batch processing of all ﬁve in-ﬁll sampling
#resulting spreadsheet has consecutive columns of ﬁll-up, add-up, add-down,
#ﬁll-down, ﬁll-middle sample deviations from full sample, or 5 times the
# number of values in full sample. Rows in the spreadsheet are sampled attributes
ﬁll.all2o-function(seqmat){
fa.matrix o- seqmat
output.matrix¼c()
while(nrow(fa.matrix)40) {
fa.matrix o- matrix(fa.matrix, ncol¼7)
se.orig o- se(fa.matrix[1, ])
new.row o- c(ﬁll.up(fa.matrix[1, ], se.orig),
add.up(fa.matrix[1, ], se.orig),
add.down(fa.matrix[1, ], se.orig),
ﬁll.down(fa.matrix[1, ], se.orig),
ﬁll.middle(fa.matrix[1, ], se.orig))
output.matrix o- rbind(output.matrix, new.row, row.names¼NULL)
fa.matrix o- matrix(fa.matrix[(1), ], ncol¼7)
}
library(xlsx)
write.xlsx(output.matrix, "results.xlsx", sheetName¼"Sheet1", col.names¼FALSE, row.names¼FALSE, append¼FALSE, showNA¼TRUE)
}
#calling the batch function
seqmat o- data.matrix(read.table("data.txt",sep¼",", header¼FALSE))
ﬁll.all2(seqmat)
Table J1
R script for bootstrap analysis of two and three model subsets from the full, 7-model dataset to estimate mean value and conﬁdence interval of the mean values. Script was
tested and run in R version 3.1.1.
#seqmean is the vector of means from each model
#subsampling a dataset with two models, with replacement, 1000 times
replicate2 o- replicate(1000,sample(seqmean,2,replace¼T))
#calculate means for each replicate, then print the grand mean, standard error, 2.5% and 97.5% values, and % differences
means3 o- apply(replicate3,2,mean)
std o- function(x) sd(x)/sqrt(length(x))
se o- std(means3)
quan o- quantile(means3,c(0.025,0.975))
grandmean o- mean(means3)
print(grandmean)
print(se)
print(quan[1])
print(quan[2])
print((grandmean-quan[1])n100/grandmean)
print((grandmean-quan[2])n100/grandmean)
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Table J1 (continued )
#batch bootstrap for 2-model subsamples
Two.model.bootstrapo-function(seqmat){
fa.matrix o- seqmat
output.matrix¼c()
while(nrow(fa.matrix)40) {
fa.matrix o- matrix(fa.matrix, ncol¼7)
seven.mean o- mean(fa.matrix[1, ])
replicate2 o- replicate(1000,sample(fa.matrix[1, ],2,replace¼T))
std o- function(x) sd(x)/sqrt(length(x))
means2 o- apply(replicate2,2,mean)
se o- std(means2)
quan o- quantile(means2,c(0.025,0.975))
grandmean o- mean(means2)
abdev o- abs((grandmean-seven.mean)n100/seven.mean)
abquan1 o- abs(((grandmean-quan[1])n100)/grandmean)
abquan2 o- abs(((grandmean-quan[2])n100)/grandmean)
new.row o- c(abdev, se, abquan1, abquan2)
output.matrix o- rbind(output.matrix, new.row, row.names¼NULL)
fa.matrix o- matrix(fa.matrix[(1), ], ncol¼7)
}
library(xlsx)
write.xlsx(output.matrix, "bootstrap_results.xlsx", sheetName¼"Sheet1", col.names¼FALSE, row.names¼FALSE, append¼FALSE, showNA¼TRUE)
}
#batch bootstrap for 3-model subsamples
Three.model.bootstrapo-function(seqmat){
fa.matrix o- seqmat
output.matrix¼c()
while(nrow(fa.matrix)40) {
fa.matrix o- matrix(fa.matrix, ncol¼7)
seven.mean o- mean(fa.matrix[1, ])
replicate3 o- replicate(1000,sample(fa.matrix[1, ],3,replace¼T))
std o- function(x) sd(x)/sqrt(length(x))
means3 o- apply(replicate3,2,mean)
se o- std(means3)
quan o- quantile(means3,c(0.025,0.975))
grandmean o- mean(means3)
abdev o- abs((grandmean-seven.mean)n100/seven.mean)
abquan1 o- abs(((grandmean-quan[1])n100)/grandmean)
abquan2 o- abs(((grandmean-quan[2])n100)/grandmean)
new.row o- c(abdev, se, abquan1, abquan2)
output.matrix o- rbind(output.matrix, new.row, row.names¼NULL)
fa.matrix o- matrix(fa.matrix[(1), ], ncol¼7)
}
library(xlsx)
write.xlsx(output.matrix, "bootstrap_results.xlsx", sheetName¼"Sheet1", col.names¼FALSE, row.names¼FALSE, append¼FALSE, showNA¼TRUE)
}
#calling the batch function
seqmat o- data.matrix(read.table("data.txt",sep¼",", header¼FALSE))
Three.model.bootstrap(seqmat)
Two.model.bootstrap(seqmat)
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